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I.  INTRODUCTION 


The  presence  of  smoke,  dust,  aerosol  and  exotic  gases  on  the 
battlefield  may  impair  the  effectiveness  of  battlefield  radar  in  such 
an  environment.  The  object  of  the  work  described  in  this  report  was 
to  review  the  unclassified  and  classified  literature  on  the  absorption 
and  scattering  processes  undergone  by  100  ym  to  1 cm  wavelength  radia- 
tion as  it  propagates  through  the  atmosphere.  The  literature  reviewed 
includes  those  papers  that  describe  calculations  and  measurements  of 
100  ym  to  1 cm  wavelength  radiation  and  absorption  by  normal  atmospheric 
gases  and  by  water  vapor,  rain,  o zone,  atmospheric  aerosols,  clouds, 
fogs,  battlefield  dust  and  smoke  and  the  exotic  gases  produced  by 
motorized  equipment  and  weapons  during  battle. 

The  government  report  literature  surveyed  during  this  study  is 
listed  in  Appendix  A of  this  report.  An  NTIS  literature  survey  was  ob- 
tained for  use  in  this  study.  The  NTIS  survey  was  entitled  "Submilli- 
meter Wavelength  Radiation  Absorption  and  Scattering  by  Atmospheric 
Gases,  Water  Vapor,  Ozone,  Aerosols,  Clouds,  Fog,  Battlefield  Dust  and 
Smoke."  A total  of  51  reports  listed  in  the  NTIS  survey  was  ordered 
for  use  in  this  study.  A number  of  the  reports  listed  in  the  NTIS  sur- 
vey were  already  available  in  the  RRA  document  files.  A total  of  190  un- 
classified, 34  limited,  and  14  classified  government  sponsored  research, 
reports  were  reviewed  for  this  study.  In  addition,  a number  of  books 
were  reviewed  and  articles  on  millimeter  radiation  interactions  in  the 
atmosphere  from  the  following  journals  were  reviewed: 

IEEE  Transactions  on  Microwave  Theory  and  Techniques,  1970-1977 

IEEE  Transactions  on  Antenna  and  Propagation,  1970-1977 

Journal  of  the  Optical  Society  of  America.  1970-1977 

Applied  Optics 

Infrared  Physics,  1963-1977 

Journal  of  Geophysical  Research,  1963-1977 
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Journal  of  the  Atmospheric  Sciences,  1974-1976 

Optics  and  Spectroscopy,  (Russian  Translation)  1970-1977 

Radio  Physics  and  Electronics  (Russian  Translation),  1969-1977 

Nature  and  Nature/Physical  Sciences, 1970-1977 

Journal  of  the  Faraday  Society,  1970-1977  (and  selected  1960 Ts) 

Optical  Engineering, 1973-1978 

Physical  Review  (selected  articles),  1965-1975 

Review  of  Modem  Physics  (selected  articles),  1973-1978 

Journal  of  Molecular  Spectroscopy,  1967-1977 

Section  II  gives,  a summary  of  the  unclassified  documents  in  the 
open  literature  on:  1)  attenuation  by  atmospheric  water  vapor  and  oxygen, 
2)  atmospheric  index  of  refraction,  3)  attenuation  and  scattering  by  fog, 
rain  and  clouds,  4)  attenuation  and  scattering  by  snow,  5)  attenuation  by 
Ozone,  6)  attenuation  and  scattering  by  aerosols  and  dust  and  7)  attenua- 
tion and  scattering  by  battlefield  generated  dusts  and  smokes.  Section  III 
gives  a summary  of  the  limited  distribution,  unclassified  literature  on  at- 
tenuation and  scattering  by  rain  and  hail,  attenuation  by  water  vapor  and 
the  refractive  indices  for  sea  spray.  Section  IV  discusses  the  results 
of  the  review  of  the  classified  literature, 

A bibliography  of  the  unclassified  literature  is  given  in  Appen- 
dix A.  Section  V describes  the  methods  used  to  index  the  contents  of  the 
articles  reviewed.  Recommendations  for  further  work  that  is  needed  to 
further  the  understanding  of  the  interaction  processes  undergone  by  mm 
and  sub  mm  radiation  as  it  propagates  in  the  atmosphere  are  given  in 
Section  VI* 
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II.  SUMMARY  OF  LITERATURE  SURVEYED 


The  following  sections  present  data  taken  from  the  reviewed 
literature  which  describe  the  current  state  of  knowledge  on  the  inter- 
action cross  sections  for  millimeter  and  submillimeter  radiation  when  it 
is  propagated  through  the  atmosphere. 

2.1  Attenuation  by  Water  Vapor  and  Oxygen 

Corcoran1  has  presented  a table  (shown  here  as  Table  I)  of  the 
atmosphere  "Windows"  and  bounding  absorption  peaks,  from  3.2  cm  to 
156  ym  for  absorption  due  to  water  vapor  and  oxygen  for  a zenith  path 
through  a cloudless  Maritime  Polar  atmosphere.  The  absorption  is  given 
for  water  vapor,  oxygen,  and  combined  gaseous  attenuation  for  these 
chief  atmospheric  constituents . 

2 

Traub  and  Stier  has  presented  an  atmospheric  calculation  for 
mid  and  far  IR  at  4 observing  altitudes,  4.2  km  (Mauna  Kea) , 14  km 
(aircraft)  , 28  km  (balloon),  and  41  km  (balloon).  Molecular  abundances, 
effective  pressures  and  temperatures  used  in  the  Curtis-Godson  approxi- 
mation as  shown  here  in  Table  II  (from  Traub  and  Steier,  Ref.  2).  They 
used  the  AFCRL  atmospheric  absorption  line  parameter  tape3  to  obtain  the 
wavenumber,  line  strength,  pressure  broadening  coefficient,  and  energy 
level  of  the  lower  state  for  over  109,000  known  transitions  of  H^O,  0^, 
°2,  c°2 » co>  N20’  and  CH4  between  .76  dm  and  3.26  mm.  Figure  1 presents 
the  results  of  their  calculations  of  atmospheric  transmission  from  100  pm 
to  1000  ym  using  the  initial  conditions  shown  in  Table  II.  The  "4  km" 
labeled  curve  is  really  for  the  4.2  km  altitude  of  Mauna  Kea.  The  verti- 
cal ordinate,  the  transmission,  unreadable  in  the  curves  of  Fig.  1 is 
linear  from  0 to  1.  A Lorentz  line  profile  was  used  for  simplicity, 
though  a Van  Vleck— Weiskopf  line  profile  would  have  been  more  accurate 
in  the  wings  of  each  line. 


3 


Table  I.  Candidate  "Windows"  in  the  Submillimeter  and 
Microwave  Bands,  Arising  from  Absorption  Spectra  of 
Water  Vapor  and  Oxygen,  with  Attenuation  in  Decibels 
Calculated  for  a Zenith  Path  through  a Cloudless  Mari- 
time Polar  Atmosphere  (from  Ref.  1) 


Window 

Bounding  Absorption  Peaks 

Attenuation  (in  decibels)  along  zenith  path 

Wavelength  (approx.) 
of  window  at  least 
qaseous  absorption 

Wave  length. of 
peaK  absorption 

Prima ry 
absorbing  gas 

By  water  vapor 

By  oxyqen 

Combined 

qaseous  absorption 

No  absorption  of  consequence  at 

wavelengths  greate 

r than  3.2cm 

I 

3.  2cm 

0.005 

0.140 

0.145 

1. 3cm 

Water  vapor 

0.408 

0.200 

0.608 

II 

9mm 

. * 

0.074 

0.340 

0.414 

5mm 

Oxygen 

0.100 

135. 

135.1 

III 

5mm 

0.253 

1.00 

1.253 

2 ♦ 5 2mm 

Oxygen 

0.447 

30.0 

30.447 

IV 

2 . 5mm 

, 0.506 

o 

O 

. 0.906 

1 .6mm 

Water  vapor 

65.8 

0.18 

65.98 

V 

1 . 3mm  ' 

1.80 

0.31 

2.11 

920u 

Water  vapor 

90.9 

cc 

\D 

O 

91.58 

VI 

880u 

9.3  2 

0.75 

9.87 

780U 

Water  vapor 

621.  -<t  . - 

0,v9  5 

• 621.95 

VII 

720u 

20.9 

1.10 

27.00 

660u 

Water  vapor 

> 8l74 . 

1.30  ' 

875. 30 

VIII 

660u 

64.8 

1.40 

66.20 

6 30a 

Water  vapor 

184. 

•1.50 

185.50 

IX 

670u 

55.5 

1.55 

57.05 

530a 

Water  vapor 

37,100. 

7.10 

‘37,102. 

X 

490a 

3 89. 

2.40 

193 .40 

4 7Su 

Water  vapor 

r*m. 

v 2.60 

692.60 

XI 

4S0U 

/2.0 

2.90 

74.90 

39  7u 

Water  vapor 

27,000. 

3.80 

27,003.8 

XII 

34  5u 

♦ 

-72. 0; 

5.0 

' 77,0 

325a 

Water  vapor 

1,450. 

5.6 

1,455.6 

XIII 

320u 

189. 

' • 5.8 

' 194- 8 

30  3u 

Water  vapor 

176,000. 

6.5 

176,006.5 

XIV 

290u 

•* 

360. f 

7. 

-‘'’i  367. 

, 256a 

Water  vapor 

187,000. 

9 . .. 

V 

187,009. 

XV 

2 37U 

54  0. 

11. 

5S1 . 

21 5a 

• Water  vapor 

176 jOOO. 

• , '13. 

176, 013? 

XVI 

200a 

4R6 . 

15. 

SOI. 

174a 

Water  vapor 

6,900. 

(20.) 

6,920. 

XVII 

1MU 

1,230. 

(22.) 

1,252. 

156ii 

Water  vapor 

6,900. 

(25.) 

6,925. 
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Fig.  i . Atmospheric  Transmission  at  Four  Altitudes  with  an  Air  Mass  of  2.0  and  a Rectangular  Bandpass 
of  0.05  cm_1  width.  (From  Data  in  Ref.  2) 


Table  II.  Molecular  Abundances,  Effective  Pressures,  and 
Temperatures  Used  in  the  Curtis-Godson  Approximation3 >b 


4.2  km 
(Mauna  Kea) 

14  km 
(Aircraft) 

28  km 
(Baboon) 

41  km 
(Balloon) 

O, 

209460.0  ppmv 

209460.0 

209460.0 

209460.0 

CO, 

325.0  ppmv 

325  0 

325.0 

325.0 

CH„ 

1.5  ppmv 

1.1 

0.8 

0.4 

NjO 

0.25  ppmv 

0.20 

0.20 

0.20 

CO 

0.07  ppmv 

0 06 

0.06 

0.06 

H,0 

1 200  pm 

2.5  ppmv 

2.5  ppmv 

2.5  ppmv 

o, 

7.28  E18  cm"2 

6.37  El 8 

1.85  E18 

1.70  El 7 

P 

600.0  mbar 

141.6 

16.2 

2.52 

p(eff) 

300.0  mbar 

70.8 

8.10 

1.26 

P(H,0) 

506.0  mbar 

70.8 

8.10 

1.26 

P(Oa) 

36.4  mbar 

30.2 

7.09 

1.84 

T(eff) 

228.0  K 

217.0 

230  0 

268.0 

T(H30) 

252.0  K 

217.0 

230.0 

268.0 

n o,) 

219.0  K 

221.0 

233.0 

260  0 

aThe  HjO  abundances  in  the  last  three  columns  correspond  to  2.25,  0.26,  and  0.040  precipitable  pm,  respectively;  the 
H,0  at  4.2  km  is  assumed  to  have  a scale  height  of  1 .85  km.  The  abundances  listed  are  for  unit  air  mass;  an  additional  factor 
of  2 is  included  in  the  actual  calculations  corresponding  to  a zenith  angle  of  60  . The  base  pressure  at  each  altitude  is  given 
by  p,  and  the  effective  pressure  for  collision?)  line  broadening  is  indicated  by  p(eff),  p(H,0),  and  p( 03)  for  the  first  five 
species,  H20,  and  Ov  respectively ; t he  temperatures  at  the  corresponding  pressure  levels  are  also  listed. 


bData 


from  Ref. 


2. 


Archie  Straiton  , in  a tutorial  article,  presents  the  results 
of  a calculation  of  the  attenuation  in  the  10-400  GHz  wave  bands 
(3.33  cm  - .75  mm)  due  to  oxygen  and  water  vapor  in  a vertical  path 
from  sea  level  for  a standard  atmosphere.  His  results  are  shown  in 
Fig.  2.  We  see  graphically  the  major  absorption  lines  and  windows  of 
the  microwave-mm  wave  region;  below  100  GHz,  the  absorption  spectrum 
is  dominated  by  the  "22"  GHz  water  vapor  line,  and  the  ”60"  GHz  molecu- 
lar oxygen  line.  Attention  has  been  placed  on  communication  systems 
operating  in  the  35  GHZ  and  93  GHz  regions  of  transmission  maximum 
for  long  range  requirements,  and  in  the  60  GHz  region,  for  short  range, 
secure  communications.  Some  authors  have  utilized  the  water  vapor 
lines  (in  emission)  at  22  GHz  and  183  GHz  to  measure  the  atmospheric 
water  vapor  content.  In  his  calculation,  Straiton  used  the  Gross”*/ 
Zhevakin-Naumov  attenuations  T (v)  at  a frequency  V for  a single  line 
with  center  frequency  V.. 


nv) 


. 2 

4tt  v a 


,2  2.2  2 2 
(v  . . - v ) + 4v  a 

ij 


S - a measure  of  the  strength  of  a line 

a = approximately  the  change  in  frequency  from  v_„  at  which 

the  attenuation  has  dropped  to  1/2  (line  breadth  parameter  = 

-Av) 


Values  of  v.  S,  and  a,  which  are  given  by  Burcn  for  water  vapor 


-11J 

from  0.5  to  36  cm  are  presented  here  as  Table  III.  The  water  vapor  line 
breadth  parameter  is  given  by  (after  Straiton,  Ref.  4) 


PT 

Av  = 2.62  (1+0.01  — ) 

P 


(P/760) 


(T/3.18) 


0.625 
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Fig.  2.  Oxygen  and  Water  Vapor  Attenuation 

Vertically  from  Sea  Level  (Data  from  Ref.  2) 
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Table  III. 


Parameters  for  H^O  lines  below  38.8  cm 
(Data  from  Ref.  7) 


>1 

cm  1 

y 

j" 

T 

r" 

Isotope 

320°K 

300°  KL 

Temperature 

280°K.  260°K 

240°K 

220°K 

0.74 

6 

-5 

5=1.35-2 

1.39-2 

1.42-2 

1.43-2 

1.42-2 

1.38-2 

5 

-1 

u°  = 0.087 

0.090 

0.094 

0.099 

0.104 

0.110 

2.27 

4 

-3 

6.95-4 

4.73-4 

3.01-4 

1.77-4 

9.30-5 

4.28-5 

3 

1 

0.091 

0.095 

0.099 

0.10 

0.11 

0.12 

2.69 

1 

1 

1) 

6.47-4 

7.53-4 

8.85-4 

1.05-3 

1.26-3 

1.54-3 

1 

0 

0.098 

0.102 

0.100 

0.111 

0.117 

0.123 

4.03 

5 

— 4 

I) 

6.75-4 

7.42-4 

8.16-4 

8.98-4 

9.89-4 

1.09-3 

4 

0 

0.089 

0.093 

U.097 

0.10 

0.11 

0.11 

4.62 

6 

-5 

n 

5.15—4 

5.52-4 

5.91-4 

6.30-4 

0.67-4 

7.01-4 

5 

0.086 

0.090 

0.094 

0.098 

0.10 

0.11 

4.80 

4 

0 

D 

9.86-4 

1.09-3 

1.20-3 

1.32-3 

1.45-3 

1.60-3 

4 

-1 

0.088 

0.091 

0.095 

0.099 

0.10 

0.11 

6.11 

3 

-2 

2.26 

2.55 

2.88 

3.28 

3.76 

4.32 

2 

2 

0.092 

0.096 

0.100 

0.105 

0.111 

0.117 

6.79 

3 

— 2 

18 

5.75-3 

6.48-3 

7.34-3 

8.36-3 

9.58-3 

1.10—2 

2 

2 

0.092 

0.096 

0.10 

0.1 1 

0.11 

0.12 

8.06 

2 

0 

L) 

2.79-3 

3.22-3 

3.75-3 

4.40-3 

5.21-3 

6.26-3 

2 

-1 

0.096 

0.10 

0.10 

0.11 

0.12 

0.12 

8.50 

5 

n 

3.05-3 

3.28-3 

3.51-3 

3.75-3 

3.99-3 

4.20-3 

4 

1 

0.085 

0.089  • 

0.093 

0.098 

0.10 

0.11 

8.90 

2 

2 

d 

3.11-3 

3.54-3 

4.06-3 

4.68-3 

5.44-3 

6.38-3 

3 

— 2 

0.092 

0.096 

0.10 

0.11 

0.11 

0.12 

10.74 

10 

— 7 

9.57-2 

7.64-2 

5.84-2 

4.22-2 

2.84-2 

1.75-2 

9 

-3 

0.074 

0.077 

0.079 

0.081 

0.084 

0.087 

10.85 

5 

-4 

2.77 

2.95 

3.14 

3.33 

3.51 

3.65 

4 

0 

0.089 

0.093 

0.097 

0.102 

0.107 

0.113 

11.89 

10 

-7 

IS 

2.44-4 

1.95 -7  4 

1.49-4 

1.08-4 

7.28-5 

4.48-5 

9 

-3 

0.075 

0.077 

0.079 

0.082 

0.085 

0.088 

12.68 

4 

“3 

2.47+1 

2.72+1 

2.99+1 

3.30+1 

3.64+1 

4.02+1 

3 

1 

0.091 

0.095 

0.099 

0.104 

0.109 

0.115 

13.05 

4 

-3 

IS 

5.38-2 

5.93-2 

6.54-2 

7.21-2 

7.96-2 

8.78-2 

3 

1 

0.091 

0.095 

0.099 

0.10 

0.11 

0.12 

13.10 

10 

— 4 

1.14  — 2 

8.43-3 

5.92-3 

3.89-3 

2.34-3 

1.26-3 

11 

-8 

0.069 

0.070 

0.072 

0.074 

0.076 

0.078 

14.58 

7 

2 

1.77-1 

1.52-  1 

1.25-1 

9.96-2 

7.48-2 

5.23-2 

6 

6 

0 049 

0.050 

0.051 

0.052 

0.053 

0.055 

14.65 

6 

1 

2.43 

2.28 

2.10 

1.88 

1.62 

1.34 

5 

5 

0.064 

0.065 

0.067 

0.068 

0.070 

0.073 

14.78 

7 

3 

5.45-1 

4.67-1 

3.87-1 

3.07-1 

2.31-1 

1.61-1 

6 

5 

0.049 

0.050 

0.051 

0.053 

0.054 

0.056 

14.92 

4 

-1 

2.62+1 

2.82+1 

3 03+1 

3.25+1 

3.46+1 

3.66+1 

3 

3 

0.080 

0.082 

0.085 

0.089 

0.092 

0.097 

15.68 

6 

2 

9.29  l 

8.72-1 

8.01-1 

7.16-1 

6.18-1 

5.10-1 

5 

4 

0.061 

0.063 

0.065 

0.066 

0.069 

0.071 

15.87 

5 

0 

3.51 

3.55 

3.56 

3.52 

3.42 

3.24 

4 

4 

0.067 

0.069  * 

0.071 

0.073 

0.075 

0.078 

16.29 

6 

— 2 

7.05-1 

6.93-1 

6.72-1 

6.39-1 

5.93-1 

5.32-1 

7 

-6 

0.083 

0.086 

0.090 

0.093 

0.098 

0.103 

16.30 

4 

-1 

18 

0.49-2 

6.99-2 

7.51-2 

8.06-2 

8.60-2 

9.12-2 

3 

3 

0.079 

0.082 

0.085 

0.088 

0.089 

0.096 

16.79 

8 

3 

1.27-1 

9.82-2 

7.21-2 

4.98-2 

3.18-2 

1.84-2 

7 

7 

0.042 

0.042 

0.043 

0.044 

0.046 

0.047 

16.82 

8 

4 

4.26-2 

3.28-2 

2.41-2 

1.67-2 

1.06-2 

6.15-3 

7 

6 

0.042 

0.042 

0.043 

0.045 

0.046 

0.047 

16.96 

1 

1 

I) 

1.85-1 

2.16-1 

2.54-1 

3.03-1 

3.66-1 

4.48-1 

1 

-1 

0.107 

0.1 1L 

0.116 

0.122 

0.128 

0.135 

18.26 

1 

1 

18 

2.95 

3.43 

4.03 

4.78 

5.75 

7.01 

1 

-1 

0.107 

0.111 

0.116 

0.122 

0.128 

0.135 

18.58 

1 

1 

1.49+3 

1.73+3 

2.04+3 

2.42+3 

2.91  + 3 

3.54+3 

1 

-1 

0.107 

0.111 

0.116 

0.122 

0.128 

0.136 

19.99 

2 

0 

D 

3.38-  1 

3.90-1 

4.55-1 

5.35-1 

6.36-1 

7.66-1 

2 

— 2 

0.100 

0.104 

0.109 

0.115 

0.121 

0.129 

20.71 

5 

1 

1.82+1 

1.84+1 

1.84+1 

1.82+1 

1.76+1 

1.67  + 1 

4 

3 

0.073 

0.076 

0.079 

0.083 

0.087 

0.092 

21.96 

1 

1 

1.59 

1.15 

7.78-1 

4.92-1 

2.83-1 

1.45-1 

1 

-1 

0,107 

0.111 

0.116 

0.122 

0.128 

0.135 

24.84 

2 

0 

18 

2.02 

2.31 

2.67 

3.11 

3 66 

4.34 

2 

-2 

o.too 

0.104 

0.109 

0.115 

0.121 

0.129 

25.09 

2 

0 

1.00  + 3 

1.15  + 3 

1.33+3 

1.55+3 

1.82+3 

2.16+3 

2 

-2 

0.100 

0.104 

0.109 

0.115 

0.122 

0.129 

The  table 

is  to  be  read  as  indicated  by  the 

following  example  for  tn« 

• 0.74  cm  1 line 

. /'-o.  J"  =5, 

t'  — 5,  t"  = — 1 . — 

1.35  x to-1  g'i 

1 cm*,  a°  -(ion; 

cm 

The  isotope  is  H:Ou  unless  imln 

o t*d  otherwise; 

L)  corresponds  i 

to  HDO,  18  to  H .<)»». 
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Table  III.  (Continued) 


»'o 

1 

cm"1 

J" 

28.07 

10 

1 1 

28.81 

i 

28.68 

) 

2 

2 

20.77 

I 

0 

30.no 

2 

1 

30.13 

3 

2 

30.23 

9 

8 

30  56 

4 

3 

32.37 

5 

4 

32/J 1 

2 

1 

33.21 

3 

2 

33.47 

5 

4 

33.68 

2 

1 

59 

3 

3 

36.74 

1 

0 

37.14 

1 

0 

37.90 

3 

3 

38.24 

7 

8 

38  45 

3 

2 

38.62 

6 

5 

38.79 

3 

3 


r"  Not  opr 

-I 

- I I) 

0 

0 

-2 

0 I) 

0 

-2 

0 

-t 

1 

-6 

-2 

0 

2 

— 2 
2 

— 2 
0 

“3  1) 

-1 

-2  18 

2 

0 D 

1 

- 1 

— 3 

0 18 

0 
0 
0 

t 18 

-1 

— 3 

— 7 

— 1 
1 

- 1 

3 

1 

-1 


I cmpernturc 


320  'K 

300  K 

280-K 

260  "K 

240  °K 

220°K 

0.15  - 2 

6.45-  2 

4.27-2 

2.62-2 

1.46-2 

7.14-3 

(Mb  2 

0.053 

0.053 

0.054 

0.055 

0.056 

6.84  - 2 

7.03  - 2 

9.28-2 

1.10-1 

1.31-1 

1 .59—  1 

0.005 

0.099 

0.10 

0.11 

0.12 

0.12 

1 .03 

7.20-1 

4 K7  - 1 

3.02-  t 

1.70-1 

8.44—  2 

0.100 

0.104 

0.109 

0.115 

0.121 

0.129 

3.00—  1 

4.67-  1 

5.52-1 

0.60-  1 

8.00-1 

9.85-  1 

0.096 

o.ioo 

0.105 

0.110 

0.117 

0.124 

4.34  — 1 

3.11-1 

2.10-  1 

1.32-1 

7.50-2 

3.79-2 

0.099 

0.103 

0.108 

0.113 

0.119 

0.126 

3.13—  1 

2.17-  1 

1.41-1 

8.49-2 

4.61-2 

2.20-2 

0.092 

0.095 

0.098 

0 10 

0.11 

0.11 

1.03 

8.79-1 

7.25-1 

5.72-1 

4.28-1 

2.97- t 

0.077 

0.080 

0.083 

0.086 

0.089 

0.094 

4.34 -f  1 

4.66+1 

4.99+1 

5.33+1 

5.67+1 

5.97+1 

0.083 

0.086 

0.001 

0.095 

0.100 

0.107 

5.0/  -f  1 

5.28+  1 

5.47+1 

5.62+1 

5.70+1 

5.70+1 

0.080 

0.083 

0.086 

0.000 

0.094 

0.098 

/ . 1 1 4 2 

8.29+2 

9.67  + 2 

1.14+3 

1.36+3 

1.64+3 

0.009 

. 0.103 

0.108 

0.113 

0.120 

0.127 

5.30  - 1 

• 6.20-  1 

7.17-1 

8.38-  1 

9.88-1 

1.18 

0.09.S 

0.099 

0.10 

0.11 

Oil 

0.12 

6.88-2 

7.18-2 

7.44-2 

7.65-2 

7.77-2 

7.78-2 

0.080 

0.083 

0.086 

0.090 

0.094 

0.099 

9.45-2 

1.09-1 

1.28-  1 

1.51-1 

1.80-1 

2.17-1 

0.100 

0.104 

o.i  ns 

0.113 

0.119 

0.125 

4.8  / -4  3 

5.46+3 

6.15+3 

6.96+3 

7.91+3 

9.02+3 

0.005 

0.099 

0.104 

0.110 

0.116 

0.124 

2.83 

3.31 

3.91 

4.67 

5.65 

6.95 

0.096 

0.100 

0.105 

0.110 

0.117 

0.124 

1.41-43 

1.65+3 

1.95  + 3 

2.33+3 

2.82+3 

3.47+3 

0.096 

0.100 

0.105 

0.111 

0.117 

0.124 

1 (b  It 

1.17+1 

1.30+1 

1.45+1 

1.62+1 

1.81  + 1 

0 091 

0.095 

0.100 

0.10 

0.11 

0.12 

3 71 

3.49 

3.19 

2.84 

2.44 

2.00 

0 078 

0.080 

0.083 

0.086 

0.089 

0.093 

/ .4 1 4-  2 

8.32+2 

9 37  + 2 

1.06+3 

1.21  + 3 

1.38+3 

0.09 1 

0.095 

0.099 

0. 104 

0.109 

0.115 

8.18+1 

7.96+1 

7.624  1 

7.15+1 

6.53+1 

5.75+1 

0.070 

0.071 

0.073 

0.076 

0.078 

0.081 

5.37+3 

5.99  f 3 

6.63+3 

7.39+3 

8.25+3 

9.23+3 

o.ooi 

0.095 

0.099 

0.105 

0.111 

0.117 
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3 

where  p = water  vapor  density  in  gm/cm 
T = absolute  temperature,  °K 
P = pressure  in  mm  mercury. 

For  water  vapor,  in  the  Gross  equation  for  the  attenuation,  the  strength 
function  S is 

-5/2 

S ^ pT  exp(-a/T), 

where  a varies  from  line  to  line. 

The  line  breadth  depends  on  the  collisions  of  the  polar  molecules  with 
like  molecules  and  other  molecules  in  the  atmosphere.  For  oxygen,  Meeks 
and  Lilley  give  the  line  breadth  Av(P1T)by  the  equation 


Av(P,T)  = A P [o.21  + 0 . 78bJ 


0.85 


where  A specifies  the  line  broadening  at  unit  pressure  (=  1 . 9 5MHZ (mmHgr ) ) 

and  3 specifies  the  relative  effectiveness  of  the  N2  - 02  collisions 

as  compared  to  the  02  - 02  collisions  (=  .25  for  pressures  less  than  267mmHg) . 
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In  a report  by  Richard  Longbothum  , the  water  vapor  resonant  scat- 
tering cross  sections  a (for  high  altitudes,  30  -80  km)  at  22  GHz  (22.235  GHz, 
or  1.35  cm)  and  at  183  GHz  (183.31  GHz  or  1.64mm)  are  given  by 


c(v,T,N,\>o) 

where 


K (\> . T ,N ,v  ) 
a ' o 

N(h) 


N(h)  = number  of  water  vapor  molecules/cm3  for  a path  length  h. 

At  22.235  GHz,  the  absorption  coefficient  R , for  a pressure 
10  a ' 

broadened  line  , is  given  by 


Ka  = 1.05  x 10  28  exp (-644/T) 


1_  1 co  io“52  Nv  Av  -1 

+ 1.52  x 10  - tt.  cm 


Av 


Av 


(v-v0)2+Av2  (v+v0)2+Av2 


,3/2 
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where 


N = Number  density  of  water  vapor  molecules  in  a cm^ 

V - frequency  in  Hertz 
T - Kinetic  temperature  in  °K. 

At  183.31  GHz,  the  absorption  coefficient  for  a pressure  broadened 
line  is  (after  Croom,  Ref.  11) 


Ka  = 6.46  x 10  29  - exp(-200/T) 


Av 


+ 


Av 


(v-v  )2+Av2  (v+v  )2+Av2 

U o 


, 1 o m-52  Nv^Av  -1 

+ 1.8  x 10  cm  . 


When  both  doppler  and  pressure  broadening  are  applicable  (altitude  above 
70  km)  the  1/2  width  Av  is  given  by 

Av  - (Av  2 + AV  2)  172 . 

P u , 

The  pressure  broadening  Av^  is  given  by  (Croom,  Ref.  11)  as 


Av  = 2.62  x 10" 


U013.25/ 

(T/318)0’625 


• (1  + 0.0046p)  HZ, 


where 


total  atmospheric  pressure  in  mb 

-3 

density  of  water  vapor  in  gm  m 


P 
P 

T = kinetic  temperature  in  °K. 


The  doppler  broadening  AV  is  given  by  (Croom,  Ref.  11)  as 


Av  = 8.45  x 10"7  v /F  Hz. 
D 0 
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A plot  of  the  absorption  cross  sections  for  the  two  main  lines,  at  22  and 
183  GHz,  is  shown  in  Fig.  3.  Data  for  this  plot  is  tabulated  in  Table  IV. 
These  data  were  abstracted  from  Longbothum,  Ref.  9.  Persual  of  this  table 
(which  includes  line  widths)  shows  the  broadening  of  line  widths  of  the 
absorption  cross  sections  as  the  altitude  decreases  from  120  km  to  30  km. 

One  variable  that  is  often  elusive  in  a set  of  atmospheric  trans- 
mission measurements  is  that  of  the  water  vapor  pressure  and  atmospheric 
water  content.  These  two  parameters  are  presented  next  as  Fig.  4,  atmo- 
spheric water  vapor  content  and  Fig.  5,  water  vapor  pressure  as  a function 

of  temperature  and  relative  humidity.  Both  of  these  curves  are  from 

. „ ^ 12 
A.  R.  Downs 

Before  leaving  the  discussion  of  basic  atmospheric  attenuation 

of  mm  and  sub  mm  wavelengths,  mention  should  be  made  of  two  papers  on 

, . . 13 

the  physical  properties  of  the  oxygen  molecule.  Welch  and  Mizushima 

have  given  a table  of  observed  and  calculated  frequencies  of  the  0^  mole- 
cule, from  53.066  GHz  to  3865.81  GHz  (given  here  as  Table  V).  A result 
of  a nonlinear  least  squares  fit  to  25  microwave  and  3 sub  mm  and  IR  wave- 
lengths is  a set  of  molecular  parameters  for  0 ^ given  here  as  Table  VI. 


* x'  * * f 

Ott  and  Thomson  discussed  the  index  of  refraction  of  air  (oxygen) 


in  the  55-65  GHz  region  in  their  article  "Characteristics  of  a Radio  Link 
in  the  55-65  GHz  range."  They  give  the  path  averaged  refractive  index 
n(v)  as  a sum  of  frequency  dependent  and  independent  parts, 


• 10 


-6 


(S/y)*10 

(-i  + Z) 


2 


with  Z = (v  -v)/y 

T = absolute  temperature  °K 

P and  e are  in  millibars  (1  mb  = 0.75006376  Torr). 
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HEIGHT  IN  KM 


Fig.  3. 


Absorption  Cross  Sections  for  Water  Vapor  at  22.233  and  183.31  GHz 
vs.  Height  (Data  from  Ret.  9) 
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Table  IV.  Absorption  Cross  Sections  for  Water  Vapor 
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(See  Appendix  A of  Ref.  9) 


TEMPERATURE  (DEGREES  CELSIUS) 


Fig.  4.  Atmospheric  Water  Vapor  Content  (Data  from  Ref.  12) 
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MOdVA  aaiVM 


100 


Fig.  5.  Water  Vapor  Pressure  as  a Function  of 
Temperature  and  Relative  Humidity 
(Data  from  Ref.  12) 
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Table  V.  Observed  and  Calculated  Frequencies  of 
Oxygen  Lines  (GHz). 


Transition 

Observed 

Calculated 

frequency4 

frequency 

1.2 

1,1 

J56.204  778(M) 

1 56.  264  766 (W) 

56.264  758 

3,4 

3,3 

J 5 8, 446  600  (M) 
158. 446  580 (Z) 

58.416  580 

5,6 

5,5 

59.590  978  (Z) 

59.590  979 

7,8 

7.7 

60.434  776(Z) 

60.434  778 

9,  10 

9,9 

61 . 150  570  (Z) 

61. 150  567 

11,  12 

11,  11 

[61.800  169(\V) 
161.800  155(Z) 

61.  800  167 

13, 14 

13,13 

62.411  223  (Z) 

62.411  234 

15,16 

15,15 

62.996  6 (II)t> 

62.997  909 

17,18 

17, 17 

63 . 568  520 (Z) 

63.568  542 

19,20 

19,  19 

64. 127  777 f\V) 

64.  127  790 

21,  22 

21, 21 

G4 . 678  2 (II)b 

64.678  920 

23,24 

23,  23 

65.224  1 2(Z) 

65.224  076 

25,26 

25,25 

65. 764  744 

65.764  760 

1.0 

1,  1 

13  8.  750  343 (M) 

118.750  330 

3,2 

3,3 

[62.486 255 (Z) 

If, 2. 486  255 (Ml 

62.486  267 

5,4 

55,  5 

60.306  044 fZ) 

60.  306  065 

7,6 

7,  7 

59.  164  215  r/1 

59.164  211 

9,8 

9,  9 

58.323  «*5(/3 

58.  323  883 

13,10 

11,11 

57.  6]  j 4onh 

57. 6 I 2 192 

13,12 

13,  13 

50.  ;»r.u  i *ui(\yi 

56. 068  214 

15, 14 

15,  15 

56.363 393 IU ) 

56.  363  397 

17, 16 

17,  17 

55.783  819 (\V) 

05.783  805 

19,18 

19,  19 

55.221  372  (W) 

55.221 362 

21,20 

21,  21 

54.671  14  5 (\V) 

54.671 141 

23,22 

23,23 

54. 1294(H)b 

54.  129  962 

25,24 

25,  25 

53.599  4 (II)b 

53.595  682 

27,26 

27,  27 

53. 066  8 (Wa) 

53.066  802 

1,  1 

3,  3 

430. 985  277 (M) 

430.985  276 

13,  13 

15,  15 

2 496.283  (K) 

2 496.  283 

21,21 

23,23 

3 865.81(E) 

3 865.810 

*(E)  See  Ref.  12,  (II)  see  Ref.  7,  (M)  see  Kef.  11, 
(W)  see  Ref.  6,  (Wa)  see  Hcf.  10,  (Z)  see  Ref.  5. 


^Ine  not  Included  in  fit. 


Note:  The  references  indicated  above  are 

references  in  Ref.  13  of  this  report. 
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Table  VI.  Molecular  Parameters  of  Oxygen  Molecule 

(GHz) 

(Data  from  Ref.  13) 


Parameter 

Wilheit  and 
Barrett 

Butcher,  et  al. 

Present  Work 

B 

o 

43.100589 

43.10059  (27) 

43.100518  (3)a 

Bi 

-1.4  x 10-4 

-1.454  (4)  x 10-4 

-1.449629  (9)  x 10_4 

B2 

-1.57  (11)  x 10"10 

X 

O 

59.501346 

59.501342  (7) 

h 

5.845  x 10-5 

5.847  (3)  x 10-5 

-0.2525917 

-0.2525865  (10) 

U1 

-2.455  x 10-7 

-0.2464  (20)  x 10-7 

Note:  The  statistical  uncertainties  quoted  are  approximately  two 
standard  deviation  limits  and  do  not  include  explicitly  ex- 
perimental uncertainties  of  the  frequencies  measurements. 
The  standard  deviations  were  estimated  from  the  last  itera- 
tion of  the  nonlinear  fitting  procedure  based  upon  Taylor- 
series  expansion  about  the  estimated  values. 
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These  authors  choose  to  use  a "Lorentzian"  line  shape: 

S = 5220  Hz 

Y = 3.92  GHz  = line  width 
Vq  = center  frequency  in  GHz 

Different  authors  seemed  to  have  "favorite"  collision  broadened  reasonant 
line  width  functions  (equivalent  reasonant  cross  sections);  from  data  by 
Burch  (7),  the  experimental  values  favor  (for  v<  15.5  cm  \ A>.645  mm) 
the  Van  Vleck-Weiskopf  function.  Above  that  frequency  (A< . 645mm)  Burch 
feels  that  the  Gross/Zhevakin-Naumov  form  fits  the  data  on  water  vapor 
best . 

The  general  data  coverage  on  atmospheric  transmission  is  heavier 
on  the  microwave  - mm  wave  end  than  it  is  on  the  100  ym  end,  A rough 
estimate  is  that  there  are  3-5  times  the  experimental  and  theoretical 
article  coverage  at  the  30-300  GHz  end  (1  cm  - 1 mm)  than  there  is  from 
1 mm  to  100  ym. 

As  a final  note  on  general  atmosphere  transmission,  we  would  like 
to  mention  the  following  five  papers  which  have  attenuation  calculations 
and  measurements,  line  width  functions,  etc: 

a)  "Atmospheric  Absorption  of  Radio  Waves  Between  150  and  350  GHz" 
by  F.  T.  Ulaby  and  Archie  Straiton 

b)  "Calculations  of  Antenna  Temperature,  Horizontal  Path  Attenua- 
tion and  Zenith  Attenuation  due  to  Water  Vapor  in  the  Frequency  Band 

150  - 700  GHz"  by  R.  W.  McMillan,  J.  J.  Gallagher,  and  A.  M.  Cook17 

c)  "Water  Vapor  Absorption  Spectra  of  the  Upper  Atmosphere" 

18 

(45-185  cm),  by  G.  C.  Auguson,  A.  J.  Mord  et  al. 

d)  "Method  of  Calculating  the  Atmospheric  Water  Vapor  Absorption 

19 

of  MM  and  Sub  MM  Waves"  by  A.  Yu.  Zrazkevskiy 

e)  "Temperature  Dependence  of  the  Absorption  of  Radio  Waves  by 
Atmospheric  Water  Vapor  at  the  10  cm  - 0.27  mm  Wavelengths,"  by  K.  A. 
Aganbekyan,  A.  Yu.  Zrazkevskiy  and  V.  G.  Malinkin.^O 
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Two  curves  from  McMillan  et  al  serve  to  summarize  much  of  the 
atmospheric  attenuation  data  in  the  mm  - sub  mm  range.  Fig*  6 presents 
horizontal-path  attenuation  vs.  frequency  at  sea  level,  and  Fig.  7 
presents  the  total  zenith  attenuation  from  sea  level. 

2.2  Atmospheric  Index  of  Refraction 

The  atmospheric  index  of  refraction  is  an  important  parameter 
which  has  received  much  less  attention  in  the  literature  than  atmospheric 
propagation.  An  illustration  of  the  problem  is  from  Davis  and  Cogdell 
who  measured  the  !,dif f erential  refractive  index"  with  their  16  foot 
antenna  on  Mt . Locke.  This  is  a measure  of  the  difference  in  pointing 
direction  between  optical  and  radio  frequency  waves  and  for  some  high 
resolution  antennae,  this  difference  (antenna  point  angle  error)  can  be 
on  the  order  of  the  beam  width  of  the  antennae.  Davis  and  Cogdell ?s 
analysis  of  their  data  suggests  that  the  refractive  index  is  fairly 
well  known  up  to  100  GHz  and  is  given  by 

N = (77.6P/T)  [l  + (4810/T)  (e/pj]  . 

o 

where  T = temperature  K 

p = pressure  in  mbar 

e = water  vapor  partial  pressure  in  mbar. 

Above  100  GHz  and  below  the  140  GHz  atmospheric  window  there 

is  a downward  break  in  the  index  of  refraction  as  a function  of  fre- 

quency. 

In  retrospect,  one  would  expect  a set  of  "sag  effects"  in  the 

antenna  pointing  error  each  time  the  frequency  crosses  a main  atmosphere 

resonance  line.  The  main  absorption  lines,  below  200  GHz,  are  at  22  and 
183  GHz  (water  vapor)  and  at  60  and  118  GHz  (0^) . Davis  and  Cogdell  saw 
their  "sag  effect"  in  the  antenna  point  angle  error  on  either  side  (97 
and  140  GHz  ) of  the  118  GHz  0^  resonance  line.  It  is  suspected  that 
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ATTENUATION  IN  db/hm 


Fig.  6.  Horizontal-path  Attenuation  Versus  Frequency  at  Sea  Level 
(Data  from  Ref.  17) 
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ATTENUATION  IN  db 


FREQUENCY  IN  GIGAHERTZ 


Fig.  7.  Total  Zenith  Attenuation  from  Sea  Level (Data  from 
Ref.  17) 
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this  sort  of  thing  will  happen  on  each  side  of  major  atmospheric 
reasonances,  at  the  frequencies  noted  just  previously,  and  at  higher 
frequencies,  as  per  the  tables  of  resonances  by  Corcoran  (Table  1)  and 
by  Burch  (Table  III).  Also,  as  the  atmospheric  attenuation  is  a func- 
tion of  the  relative  humidity,  so  is  the  index  of  refraction;  one  might 
question  if  the  "sag  effect*1  is  more  pronounced  about  either  side  of 
/ the  water  vapor  resonance/absorption  lines  than  about  the  60  and  110  GHz 
oxygen  line. 
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2.3 


Attenuation  and  Scattering  by  Fog,  Rain  and  Clouds 


If  one  knew  the  size  distribution  of  the  water  droplets  contained 

in  fog,  rain  or  clouds  and  the  complex  index  of  refraction  for  water  as  a 

function  of  wavelength  and  temperature,  then  it  is  possible  to  determine 

the  scattering,  absorption  and  extinction  cross  sections  and  the  phase 

function  with  the  application  of  Mie  theory.  The  data  available  on  the 

complex  index  of  refraction  is  not  very  complete  and  there  is  not  very 

good  agreement  in  the  various  published  values  as  a function  of  wavelength 

21  22 

and  temperature.  For  20°C  water,  Deirmendjian  * has  compiled  a set 
of  measured  data  from  12  pm  to  1000  pm.  For  wavelengths  between  2 mm  and 
33  mm  Deirmendjian  used  the  Debye  equation  to  compute  the  complex  index 
of  refraction  for  water. 

Table  VII  presents  Deirmend j ian 1 s collection  of  complex  index  of 

23 

refraction  data  for  water.  Dorothy  Stewart  has  tabulated  a set  of 

indexes  of  refraction  at  4 wavelengths,  .55  pm,  10.6  pm,  870  pm,  and 

1250  pm.  Table  VIII  lists  the  data  she  used  in  her  very  comprehensive 

article  on  infrared  and  submillimeter  extinction  by  fog.  She  mentions 

in  her  article  about  recent  sources  of  complex  index  of  refraction  data 

on  water.  Table  IX,  from  the  1971  Chemical  Rubber  Company  Handbook  of 
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Chemistry  and  Physics,  is  a listing  of  data  from  two  different  groups 

on  how  the  static  dielectric  constant  of  water  varies  with  temperature. 

The  static  dielectric  constant  is  not  a constant,  as  usually  assumed,  but 

varies  with  temperature.  Hale  and  Querry^  did  a very  extensive  survey 

of  the  optical  constants  of  water  with  59  reference  listings;  they  computed 

the  real  part  of  the  index  of  refraction  doing  a Cauchy  principle  value 

integration  of  smooth  curve  fits  of  all  available  data  on  the  imaginary 

parts  of  the  index  of  refraction,  k(A),  of  water,  from  200  nm  to  1 meter 

wavelength.  They  produced  a table  for  the  complex  index  of  refraction  of 

water  from  20  nm  to  200  pm  (just  the  100  pm  - 200  pm  section  is  reproduced 
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here  as  Table  X.)  R.  K.  Crane  in  his  article  "Microwave  Scattering 
Parameters  for  New  England  Rain"  presented  two  sets  of  calculations  of  the 
microwave  index  of  refraction:  one  set  was  based  on  Debye’s  formula  of 
the  index  of  refraction  of  water  using  Kerr  Coefficients  and  the  other  set 
is  - attributed  by  Crane  to  Grant  et  al.  The  results  of  these  calculations 
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Table  VII.  Complex  Indices  of  Refraction  vs  Wavelength  for  Water 

(From  Ref s . 21 , 22) 


A 

Index  of 

Refraction 

A 

Index  of 

Refraction 

12.  ym 

l.ui  - 

0.199i 

500 .ym 

2.22 

0 . 740i 

17  .ym 

1.376  - 

0.4291 

700 .ym 

2.32 

0.890i 

28. ym 

1.549  - 

0.338i 

1000. ym 

2.50 

1 . 09i 

40. ym 

1.519  - 

0.3851 

60. ym 

1.703  - 

0 . 587i 

2 .mm 

2.5604  - 

0.8947i 

100. ym 

2.06  - 

0 . 551i 

5 .mm 

3.1918  - 

1 . 7657i 

140. ym 

2.07  - 

0.470i 

10  .mm 

4.2214  - 

2 . 5259i 

200 .ym 

2.08  - 

0 . 509i 

20  .mm 

5.8368  - 

3.0046i 

337 .ym 

2.20  - 

0 . 600i 

33  .mm 

7.1755  - 

2.86421 

Table  VIII. 

Indices  of  Refraction 

(From  Ref.  23) 

for  Water 

Source 

Wavelength 

(ym) 

Index  ( 

of  Refraction 

Hale  and  Querry  (1973) 

0.55 

1.333  - 

1.96  (10-9)  i 

Hale  and  Querry  (1973) 

10.5 

1.185  - 

0.0662  i 

Davies  et  al.  (1970)* 

870 

2.422  - 

0.9667  i 

Davies  et  al.  (1970) 

1250 

2.630  - 

1.1407  i 

*The  index  of  refraction  for  870  pm  is  an  interpolated  value. 
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Table  IX.  Static  Dielectric  Constant  of  Water 
From  NSRDS-NBS  24 
W.  J.  Hamer 


t°c 

e* 

£+ 

t°c 

e* 

e+ 

0 

87.74 

87.90 

50 

69.91 

69.88 

5 

85.76 

85.90 

55 

68.34 

68.30 

10 

83.83 

83.95 

60 

66.81 

66.76 

15 

81.95 

82.04 

65 

65.32 

65.25 

18 

80.84 

80.93 

70 

63.86 

63.78 

20 

80.10 

80.18 

75 

62.43 

62.34 

25 

78.30 

78.36 

80 

61.03 

60.93 

30 

76.55 

76.58 

85 

59.66 

59.55 

35 

74.83 

74.85 

90 

58.32 

58.20 

38 

73.82 

73.83 

95 

57.01 

56.88 

40 

73.15 

73.15 

100 

55.72 

55.58 

45 

71.51 

71.50 

*From 

data  of  Malmberg  and  Maryott 

(1956) . 

tFrom 

data  of  Owen, 

Miller,  Milner 

and  Cogan  (1961) . 

Table  X.  Complex 

Indices  of  Refraction  vs  Wavelength  for 

Water 

(from  Ref.  25) 

m = n'  + i n" 

X(ym) 

n"  (X) 

n'(X) 

100 

-0.532 

1.957 

110 

-0.531 

1.966 

120 

-0.526 

2.004 

130 

-0.514 

2.036 

140 

-0.500 

2.056 

150 

-0.495 

2.069 

160 

-0.496 

2.081 

170 

-0.497 

2.094 

180 

-0.499 

2.107 

190 

-0.501 

2.119 

200 

-0.504 

2.130 
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for  frequencies  between  8 and  70  Ghz  are  presented  here  as  Table  XI.  The 
disagreements  between  the  two  sets  of  refractive  indices  are  more 
pronounced  in  the  complex  part,  n",  than  in  the  real  part,  n!  . Crane 
took  the  Debye  index  of  refraction  to  be  defined  by 


n(A) 


v 88  - 5.5 
\ i*AA(T) 
A 


- 5.5 


n1  + i*n" 


where  AA(T)  = temperature-dependent  1/2  width.  "88"  is  actually  a 

temperature-dependent  static  dielectric  constant  at  0 frequency.  Wilcox 
27 

and  Grazino  developed  a compilation  of  the  index  of  refraction  of  water 
vs  temperature  for  A = 1,  3,  and  10  mm  radiation,  shown  here  as  Table  XII. 

There  seems  to  be  a great  amount  of  faith  put  on  the  use  of  the 
Debye  formula  for  calculating  the  complex  index  of  refraction  of  water  in 
the  microwave  and  millimeter  wavelength  range.  It  would  be  interesting 
to  see  some  measured  data  in  the  1250  |im  - 1 cm  wavelength  region,  as  there 
was  in  the  12  ym  - 100  ym  region  for  Deirmendjian's  report. 

To  help  visualize  better  some  of  the  previously-described  tabulated 

measured  data  on  the  complex  index  of  refraction  for  water  at  wavelengths 

22 

between  10  and  1000  ym,  several  curves  from  Deirmendjian  are  reproduced 

here  as  Fig.  8 . Also,  in  Fig.  9.  we  present  the  extinction  coefficient  of 

25 

water  as  given  by  Hale  and  Querry  (imaginary  part  of  complex  index  of 

—6 

refraction)  as  a function  of  wavelength  for  wavelengths  between  10  m and 

25 

1 meter.  Fig.  10  shows  a set  of  plots  from  Hale  and  Querry  giving  the 
real  part  of  the  index  of  refraction  of  water  for  the  spectral  region 
0.2  - 200  ym.  The  individual  data  points  on  each  set  of  curves  refer  to 
individual  authors  data  that  Deirmendj ian and  Hale  and  Querry,  respectively, 
used.  For  further  details  about  these  points,  please  consult  Refs.  21, 

22,  and  25. 
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Table  XI.  Refractive  Index  of  Water  for  a Drop  Temperature  of  0.0°C 

(Data  from  Ref.  26) 


Computed  Using  Debye  Model  with 

Kerr  Coefficients 

Frequency 

(GHz) 

n 1 

n" 

8.00 

7.4786 

-2.7721 

9.35 

7.0969 

-2.9060 

15.50 

5.7619 

-3.0278 

35.00 

3.9533 

-2.4301 

70.00 

3.0179 

-1 .6856 

Computed  Using 

Data  Attributed  to  Grant, 

et  al. 

8.00 

7.6474 

-2.7146 

9.35 

7.2788 

-2.8692 

15.50 

5.9459 

-3.0694 

35.00 

4.055 

-2.5465 

70.00 

3.0410 

-1.8093 
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Table  XII.  Indices  of  Refraction  for  Water  vs  Wavelength 
(from  data  in  Ref.  27) 


Temperature 

Index 

of 

\(mm) 

(deg  C) 

refraction 

1 

0 

2.407 

- i0.477 

10 

2.481 

- i0.705 

18 

2.561 

- iO. 885 

20 

2.587 

- i0.937 

3 

0 

2.759 

- il. 241 

10 

3.106 

- il . 663 

18 

. 3.411 

- il.937 

20 

3.505 

- i2.007 

0 

4.221  - 

12.526 

10 

5.155  - 

i2 .834 

18 

5.817  - 

i2.869 

20 

5.992  - 

i2 . 900 
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Fig.  8.  Optical  Constants  of  Water  According  to  Recent  Measurements 
(Data  from  Ref.  22) 
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(1M) 


WAVELENGTH 


Fig.  9.  Imaginary  Part  of  the  Index  of  Refraction  of  Water  vs.  Wave- 
lehfeth  (from  Ref.  25) 


WAVELENGTH  { mic r o m# t • r s ) 

Fig.  10.  Real  Part  of  the  Index  of  Refraction  of  Water  vs.  Wave- 
length  (from  Ref.  25) 
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28 

Chamberlain,  Zafer  and  Hasted  have  measured  the  index  of 
refraction  of  water  between  -1  mm  and  0.5  mm  using  a Michelson  inter- 
ferometer. Results  of  their  measurements,  and  some  others  they  quote 
are  shown  in  Fig.  11. 

One  needs  to  have  indices  of  refraction  (or  the  dielectric 
"constant",  equivalently)  available  as  a function  of  temperature  when 
computing  scattering,  absorption  and  extinction  cross  sections  with  the 
use  of  Mie  or  Rayleigh  theory. 

The  need  for  further  work  on  the  complex  index  of  refraction  for 
water  is  obvious;  first  in  priority  with  respect  to  water  is  the  need  for 
experimental  data  on  the  complex  index  of  refraction  as  a function  of 
temperature  over  the  entire  wavelength  range  of  interest.  Most  severe 
is  the  requirement  in  the  1 cm  - 1 mm  region  where  everyone  seems  to 
rely  on  the  Debye  equation  with  no  references  to  actual  dielectric/ 
refractive  index  measurements  in  that  spectral  region. 

A.  Stogryn^^  has  developed  a modification  of  the  Debye  equation  for 
the  complex  dielectric  "constant"  of  saline  water.  He  has  given  parameters 
in  the  equation  as  functions  of  water  temperature  and  salinity.  The  dielectric 
constant  is  defined  by 

e - e 

K = £ 

00  1 - i*2lTTf  2TT£*f 

O 


with 

e = temperature-  and  salt-control-dependent  static  dielectric 
constant 

X = time  constant  as  a function  of  temperature  and  normality 
of  the  salt  solution  = x(T,N) 

f = frequency  in  Hertz 

e = 5.5 

CO 

O = ionic  conductivity  of  the  dissolved  salt  in  mho /meter 

-12 

£*  = permittivity  of  free  space  = 8.854X10  Farad/meter, 
o 

He  gave  z , X,  and  O as  a function  of  the  normality  of  the  salt  solution. 

A relationship  of  this  sort  should  be  valuable  in  the  calculation 
of  scattering  by  slightly  salty  fogs  (sea  spray) , or  fogs  that  have  become 
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Fig.  11.  Measured  Values  of  the  Real  Component  of  the 
Refractive  Index  for  Water  (the  full  lines 
are  from  two  independent  measurements  by  the 
authors  of  Ref.  28.  The  points  are  measure- 
ments by  other  authors  and  by  the  authors  of 
Ref.  28). 
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contaminated  with  ZnCl  dust  from  smoke  screens  or  from  burning  phosphorous, 

which  forms  P„0  , which  becomes  dilute  phosphoric  acid  when  the  P 0 
z D 2 5 

contacts  a fog  droplet. 

There  are  several  basic  texts  that  are  of  value  for  information 

on  dielectrics;  these  are:  Dielectrics  and  Waves,  by  A.  R.  Von  Hippel?0 

31 

Dielectric  Materials  and  Applications.  by  A.  R.  Von  Hippel,  and  The 

O O 

Theory  of  Electric  and  Magnetic  Susceptibilities  . Von  Hippel 's  books 

have  been  the  compendium  of  information  on  dielectric  phenomena  for  20 

years.  Van  Vleck's  treatise,  now  44  years  old,  still  is  one  of  the  best 

introductions  to  dielectric  and  magnetic  phenomena  extant.  Van  Vleck 
33 

recently  has  written  a revised  version  of  his  classic  papers  on  line 
breadths  and  should  be  consulted  for  details  as  to  validity  of  the 
formula  presented  here  or  by  other  authors  regarding  this  area. 

The  principal  difference  between  fog,  rain  and  clouds  when 
determining  their  scattering,  absorption  and  extinction  cross  sections 
is  in  the  range  of  drop  diameters  for  each.  The  ranges  of  drop  diameters 

o / 

for  haze,  fog*  clouds,  and  rain,  as  given  by  G.  D.  Luhers,  are  given  in 
Table  XIII.  Note  that  although  there  is  quite  an  overlap  in  drop  diameters 
for  fogs,  clouds  and  rain,  there  is  a tendency  to  larger  drop  diameters 
as  the  atmospheric  conditions  change  from  clouds  to  fog  to  rain. 

The  calculation  of  the  absorption,  scattering  and  extinction 

in  a medium  such  as  fog,  clouds  and  rain  is  based  on  the  knowledge  of 

the  absorption,  scattering  and  extinction  cross  sections  for  individual 

particles.  The  theory  for  calculating  these  cross  sections  for  individual 

35 

spherical  particles  was  developed  by  Mie.  MieTs  work  was  extended  by 

3b  37  J 

Stratton  and,  as  outlined  in  Kerr,  by  Goldstein.  A Comprehensive 

study  of  the  theory  of  electromagnetic  scattering  from  small  particles 

38 

is  also  given  by  Van  De  Hulst. 

A single  dielectric  sphere  in  the  path  of  a plane  wave  will  scat- 
ter and  absorb  some  of  the  incident  energy.  These  effects  are  character- 
ized by  several  quantities  called  cross  sections  and  have  the  dimensions 
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Table  XIII.  Drop  Diameters  for  Various  Atmospheric 
Conditions  (from  Ref.  34) 


ATMOSPHERIC  CONDITION 

DROP  SIZE  RANGE 

Micrometers 

Haze 

0.01  - 3 

Fog 

0.01  - 100 

Clouds 

1 - SO 

Drizzle  (0.25  nnn/hr) 

3 - 800 

Moderate  Rain 
(4.0  nun/hr) 

3 - 1S00 

Heavy  Rain 

(16.0  nun/hr) 

3 - 3000 

36 
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of  area.  The  Gunn  and  East  definitions  of  the  scattering,  absorption, 
extinction,  and  backscatter  cross-sections  are: 


Scattering  Cross  Section  = 

<V 


Total  Power  Scattered  (over  4tt  steradians) 

Incident  Power  Density 


Absorption  Cross  Section 


Extinction  Cross  Section  = 


Total  Power  Absorbed  (as  heat) 

Incident  Power  Density 

Total  Power  Lost  (to  the  incident  wave) 

Incident  Power  Density 


The  term  extinction  is  used  to  describe  the  energy  lost  by  the  incident 
wave  to  a single  particle;  attenuation  is  the  energy  lost  to  a continuous 
volume  of  particles. 

It  should  be  noted  that  the  conservation  of  energy  requires  that 


Q = Q + Qc 

e a s 


and 


Backscatter  Cross  Section 
(a) 


Total  Power  Scattered  Backward  (along 
the  direction  of  incidence) 

Incident  Power  Density 


The  scattering  and  absorption  properties  of  single  particles  are 
complex  functions  of  the  size,  shape,  and  index  of  refraction  of  the 
particles  as  well  as  the  wavelength  of  the  incident  energy.  The  scattering, 
absorption,  extinction  and  backscattering  cross  sections  for  4.3  mm  wave- 
length radiation  interaction  with  spherical  water  spheres  at  18°C  (from 
Ref.  40),  are  presented  in  Fig.  12  as  a function  of  the  particle  radius. 

It  is  seen  that  the  cross  sections  increase  with  radius  for  radii  between 
0 and  6 mm. 


For  mm  wavelength  radar  our  interest  lies  in  the  backscatter  and 
attenuation  cross  sections  associated  with  a continuous  distribution  of 
particle  sizes  within  a given  volume.  Particle  size  distributions  for  rain, 
fog  and  clouds  are  given  by  Deirmendjian  and  Richard.  If  the  particle 
size  distribution  is  known,  the  reflectivity  and  attenuation  can  be 
determined,  using  the  appropriate  scattering  theory. 
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Fig.  12.  Cross  Sections  of  Water  Spheres  at  18°C  for  4 . 3 mm  Wavelength 
Energy  (from  Ref.  40) 
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The  scattering  theory  to  be  used  in  the  determination  of  the 
backscatter  and  attenuation  of  rain  and  fog  depends  on  the  size  of  the 
drops  in  the  medium  and  the  wavelength  of  the  radiation.  Mie  scattering 
theory  must  be  used  for  drops  larger  than  0.06  wavelength  in  diameter. 

For  drops  smaller  than  0.06  wavelength  the  Rayleigh  theory  approximations 
are  applicable. 

Since  rain  is  comprised  of  drops  258  micrometers  (0.258  mm)  and 
larger,  Mie  scattering  theory  must  be  used  for  millimeter  wavelength 
radiation.  The  smaller  drops  in  haze,  fog  and  clouds  allow  the  use  of 
the  Rayleigh  approximation. 

Fog  results  from  the  condensation  of  atmospheric  water  vapor  into 
water  droplets  that  remain  suspended  in  the  air.  When  the  resulting 
cloud  or  water  droplets  or  ice  crystals  envelop  an  observer  and  restrict 
his  horizontal  visibility  to  one  kilometer  or  less,  the  international 
definition  of  fog  has  been  satisfied.  Evaporation  and  cooling  are 
the  principal  physical  processes  which  contribute  to  the  formation  of 
fog.  Of  the  various  fog  classifications  used  by  meteorologists,  the  two 
basic  types  of  interest  in  radar  applications  are  advection  fog  and 
radiation  fog. 

Advection  is  the  horizontal  movement  of  an  air  mass  that  causes 
changes  in  temperature  or  other  physical  properties.  An  advection 
(or  coastal)  fog  is  one  which  forms  over  open  water  as  a result  of  the 
advection  of  warm  moist  air  over  colder  water. 

Radiation  (or  inland)  fog  forms  in  air  that  has  been  over  land 
during  the  daylight  hours  preceding  the  night  of  its  formation.  Fogs 
which  form  in  low,  marshy  land  and  along  rivers  on  calm,  clear  nights 
are  also  considered  radiation  fogs. 

The  characteristics  of  these  two  fogs  are  given  in  Table  XIV. 

Note  that  the  advection  fog  has  a higher  liquid  water  content , 
but  greater  visibility  than  the  radiation  fog.  The  correlation  of 
visibility  in  fog  to  liquid  water  content  is  shown  in  Fig.  13  (from 


39 


Table  XIV.  Fog  Characteristics 
(Data  from  Ref.  40) 


RADIATION 
(INLAND)  FOG 

ADVECTION 
(COASTAL)  FOG 

Average  Drop  Diameter 

10  microns 

20  microns 

Typical  Drop  Size  Range 

5-35  microns 

7-65  microns 

Liquid  Water  Content 

0.11  g/m3 

0. 17  g/ra3 

Droplet  Concentration 

200  cm'3 

40  cm“5 

Visibility 

100  m 

200  m 

40 


VISIBILITY  (km) 


LIQUID  WATER  CONTENT  (g/m3) 


Fig.  13.  Correlation  of  Visibility  in  Fog  to  Liquid  Water  Content 
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• ^0)  for  both  advection  and  radiation  fogs. 

There  is  considerable  variation  in  the  water  content  of  clouds 

and  water  fogs,  but  in  general,  stratus  (or  low)  clouds  and  typical 

radiation  or  advection  fogs  have  water  contents  on  the  order  of 
3 A 1 

0.25  g/m  or  less.  Mason  reports  that  the  maximum  liquid  water 

content  of  an  advection  fog  approaches  0.4  g/m^  when  there  is  a strong 

temperature  inversion.  On  rate  occasions,  the  liquid  water  content 

can  become  as  large  as  0.5  to  1.0  g/m  in  very  dense  radiation  fogs 

/ o 

(with  20  to  30  meters  visibility) . 

The  small  size  of  water  droplets  comprising  a fog  allows  the 
use  of  the  Rayleigh  approximations  in  the  determination  of  the 
reflectivity  and  attenuation  at  70  GHz.  Atlas^^  shows  that  in  the 
Rayleigh  scattering  region  the  one-way  attenuation  coefficient,  a,  is 
given  by 


a 


81.86  M Im(-K) 

Ap 


dB/km, 


where  M = liquid  water  content  per  unit  volume  of  fog  in  g/m  , 

Im(-K)  = absorption  coefficient, 

K - m2_1 

K " ^2’ 

m = complex  index  of  refraction, 

X ~ wavelength  in  mm, 

3 

p = density  of  water  in  g/cm  . 

3 

A density  of  1 g/cm  for  water  is  generally  assumed  for  all  temperatures, 
since  the  density  varies  no  more  than  0.78%  over  the  0°C  to  40°C 
temperature  range. 


In  the  Rayleigh  scattering  region,  attenuation  is  due  mainly  to 

absorption.  To  calculate  the  absorption  coefficient  for  fog,  the 

index  of  refraction  for  water  must  be  determined  for  the  frequencies 

of  interest.  The  complex  index  of  refraction,  m,  is  given  in  terms 

of  the  complex  dielectric  constant,  £ , by: 

c 


2 

m = 


e 

c 


= e. 
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/ 

where  £,  and  £ are  the  real  and  imaginary  parts  of  the  dielectric 
constant . 

The  dielectric  constant  may  be  evaluated  by  the  Debye  formula^7 


£ 

c 


£ - e 
o 00 


1 + j 


AX 


+ e 


where  and  AX  are  empirically  derived  constants. 

Let  us  now  look  at  some  of  the  data  currently  available  on 

millimeter  and  submillimeter  wavelength  attenuation  in  fog,  clouds,  and 

rain.  Victor  W.  Richard,  in  Ref.  40,  has  given  a good  description  of 

rain,  fog  and  cloud  data,  from  which  a lot  of  this  section’s  information 

is  derived.  A summary  of  the  data  from  Richard  is  presented  in  Figs. 

14  and  15.  Fig.  14  shows  the  positions  of  the  atmospheric  ’’windows", 

and  the  "walls".  The  profitable  areas  for  further  work  in  the  millimeter- 

submillimeter  region  apparently  should  center  around  wavelengths  of 

94  GHz,  140  GHz,  240  GHz,  360  GHz,  420  GHz,  and  890  GHz.  Past  240  GHz, 

long-range  communications  do  not  appear  to  be  practical;  however,  short 

range  uses  as  missile  guidance  radar  and  imaging,  target  designators,  and 

others,  should  be  feasible.  Fig.  15  is  a comparison  of  the  one-way 

attenuation  due  to  a fog  of  100  m visibility  having  a density  of  0.1  gm/m^ 

with  the  one-way  attenuation  for  3 rain  rates  as  a function  of  frequency. 

Fig.  16  (Ref.  40)  shows  in  more  detail  the  one-way  attenuation  of  a 

fog  as  a function  of  frequency,  temperature  and  liquid  water  content. 

44 

A.  R.  Downs  has  calculated  haze  and  fog  attenuation  coefficients  for 
visible  and  IR  radiation,  as  well  as  for  microwaves  with  frequencies 
between  9.375  to  240  GHz.  These  data  are  shown  on  Table  XV.  Downs’ 
article  references  27  different  papers  on  atmospheric  transmission  on 
rain,  fog  and  battlefield  dust  conditions. 

4 5 

Dorothy  Stewart  in  her  extensive  literature  search  on  fogs 
and  their  drop  sizes,  has  computed  the  extinction  of  visible.  IR,  and 
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Fig.  14. 


Atmospheric  Attenuation  vs.  Frequency  (from  Ref.  40) 


Fig.  15.  Rain  and  Fog  Attenuation  vs.  Frequency  (from  Ref.  40) 
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Fig.  16.  One-Way  Attenuation  in  Fog  As  a Function  of  Liquid 
Water  Content  (from  Ref.  40) 
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Table  XV.  Haze  and  Fog  Attenuation  Coefficients  as  a Function  of  Visibility  and  Wavelength 

(from  Ref.  44) 
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submillimeter  energy  by  fogs.  Results  of  her  calculations  are  shown  in 
Figs.  17,  18,  and  19.  Fig.  17  shows  a comparison  of  the  attenuation  of 
1250  ym  and  10.5  ym  radiation  by  fog  droplets;  Fig.  18  shows  a comparison 
of  the  attenuation  of  1250  ym  and  0.55  ym  radiation  by  fog  droplets;  and 
Fig.  19  shows  a comparison  of  the  attenuation  of  1250  ym  and  870  ym  radia- 
tion by  fog  droplets.  We  see  from  Fig.  18  that  the  visibility  at  .55  ym 
is  not  necessarily  a good  indicator  of  1250  ym  attenuation,  but  that  the 
correlation  of  10.6  and  1250  ym  attenuation  is  pretty  good.  Also,  the 
correlation  of  attenuations  of  870  ym  and  1250  ym  radiation  is  good. 
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Fig.  17.  Comparison  of  Attenuation  of  125CH  and  10.5-]im  Radiation  by  Fog  Droplets 

(from  Ref.  45) 
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Fig.  18.  Comparison  of  Attenuation  of  1250-  and  0.55-ym  Radiation  by  Fog  Droplets 

(from  Ref.  45) 


ATTENUATION  (dB/km)  OF  12S0-^m  RADIATION  BY  FOG  DROPLETS 


ATTENUATION  (dB/km)  OF  870-Mtn  RADIATION  BY  FOG  OROPLETS 


Fig.  19. 


Comparison  of  Attenuation  of  1250-  and  870-ym  Radiation  by 
Fog  Droplets,  (data  from  Ref.  45) 
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Downs  calculated  the  scattering  coefficient  for  haze  and  fog  at 

millimeter  wavelengths  and  concluded  that  the  scattering  coefficient 
-4  -5 

was  between  10  and  10  (km  ) which  is  at  least  6 orders  of  magnitude 
below  that  of  the  scattering  coefficients  for  haze  and  fogs  at  wavelengths 
of  .55  ym  - 10.6  ym. 

46 

V.  Corcoran  has  calculated  the  fraction  of  the  total  attenuation 
along  a zenith  path  through  the  atmosphere  containing  a 500-m  thick  strato- 
cumulus  cloud  that  results  from  the  water  droplets  in  the  cloud  and  from 
the  gaseous  absorption  along  the  total  path.  It  is  seen  from  Table  XVI 
that  the  contribution  to  the  attenuation  by  cloud  droplets  increases  with 
an  increase  in  the  wavelength  for  wavelengths  between  0.345  mm  and  3 mm. 
Si®3-lcirly  the  contribution  to  the  attenuation  by  gaseous  absorption 
increases  with  a decrease  in  wavelength.  The  attenuation  resulting  from 
gaseous  absorption  is  seen  in  Table  XVI  to  increase  faster  with  decreasing 
wavelength  than  does  the  attenuation  produced  by  the  cloud  droplets. 

22 

D*  Deirmendjian  has  calculated  extinction  coefficients  according 
to  3 cloud  models  and  2 precipitation  models;  his  results  are  shown  in 
Fig.  20.  His  calculations  were  for  wavelengths  between  1.0  ym  to  100  mm. 
Tabulated  values  of  this  data  are  presented  in  Table  XVII.  Deirmendjian 
has  also  calculated  a set  of  mass  extinction  coefficients  for  haze,  clouds, 
rain;  this  data  are  presented  in  Table  XVIII  for  discrete  wavelengths 
between  16  ym  to  2.0  mm. 

47 

Lo,  Fannin  and  Straiton  have  measured  "the  attenuation  of  8.6 
and  3.2  mm  radio  waves  in  clouds"  by  use  of  a millimeter  wave  radiometer. 
Results  of  their  measurements  are  shown  in  Figs.  21,  22,  and  23.  Corrections 
were  made  to  the  measured  data  for  the  attenuation  resulting  from  the 
atmosphere  gaseous  constituents  to  obtain  estimates  of  the  cloud 
attenuations.  The  correction  for  water  vapor  attenuation  was  based 
on  ground-level  water  vapor  density  measurements.  The  sum  was  used  as 
a source  of  millimeter  wavelength  radiation  with  the  radiometer  pointing 
at  it  through  the  clouds.  Figure  21  presents  35  GHz  (8.6  mm)  attenuation 
vs  95  GHz  (3.2  mm)  attenuation  for  heavy  pre-rain  clouds.  Figure  22 
presents  the  total  (zenith)  attenuation  due  to  cumulus  clouds  for  92 
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Table  XVI.  Proportion  of  Total  Attenuation  Due  to  a 500-m  Strato-Cumulus 
Cloud  in  a Zenith  Path  (data  from  Ref.  46) 


Candidate  windows 

Tota  1 

gaseous 

absorption 

Contribution 
by  droplets 
in  a 500-meter 
st-cu  cloud 

Total 

attenuation 

due  to  gases 

and  cloud  droplets 

Proportion 
of  total 
attenuation  due 
to  cloud  droplets 

Window 

Wavelength  X 

I I 1 

3mm 

1.25  db 

0.97  db 

2.22  db 

43.  7X 

IV 

2 . 3mm 

0.91  db 

1.17  db 

2.08  db 

56. 2X 

V 

1 . 3mm 

2.11  db 

1.60  db 

3.71  db 

43.  IX 

VI 

aaog 

9.87  db 

2.40  db 

12.27  db 

19.6  S 

i 

VI  1 

7 20  g 

22.0  db 

2.92  db 

24.92  db 

11.71 

I X 

620U 

57.0  db 

3.00  db 

60.0  db 

5.01 

XII 

34  Sg 

77.0  db 

5.50  db 

82.5  db 

6.71 

Table 

XVII.  Cloud 
(data 

Volume  Extinction  and 
from  Ref.  22) 

(Neper  km  *) 

Absorption  Coefficients 

Cloud  C.l  (N 

= 102cm"3) 

Cloud  C. 5 (N  = 

2 -3 

= 10  cm 

) Cloud  C.6  (N  = 

10_1cm  J) 

A 

6 

ex 

3ab 

6 

ex 

6 K 

ab 

3 

ex 

! ab 

0+0) 

(15.64) 

(42.41) 

(0.7540) 

12.  ym 

10.28 

7.352 

36.32 

22.61 

0.7933 

0.4030 

* 

'k 

* 

* 

* 

17 . ym 

16.12 

10.23 

49.98 

28.49 

0.8500 

0.4113 

28.  urn 

12.33 

7.849 

49.88 

27.36 

0.9004 

0.4521 

40.  urn 

8.468 

6.392 

39.86 

24.89 

0.9250 

0.4774 

60 . ym 

7.013 

5.816 

37.69 

25.41 

0.9742 

0.5065 

100 . ym 

2.690 

2.415 

20.70 

14.55 

1.061 

0.553 

140 .ym 

1.420 

1.352 

9.742 

7.797 

1.074 

0.555 

200 . ym 

0.9732 

0.9570 

5.617 

5.109 

0.9774 

0.5190 

337  .'ym 

0.5812 

0.5789 

2.949 

2.880 

0.6845 

0.4016 

300. ym 

0.4566 

0.4560 

2.235 

2.219 

0.4186 

0.2911 

700 . ym 

0.3474 

0.3472 

1.676 

1.671 

0.2563 

0.2031 

1000 . ym 

(0.2423) 

1.165 

1.164 

0.1440 

0.1274 

2 . mm 

(0.0999) 

(0.474) 

(0.0401) 

5. mm 

(0.0381) 

(0.181) 

(0.0153) 

10 . mm 

(0.0119) 

(0.0563) 

(0.0048) 

Values  from  an  earlier  run  with  m * 1.369  - 0.438i. 
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Fig.  20.  Theoretical  Extinction  Coefficients  According  to  Three  Cloud  Models  and 
two  Precipitation  Models  (data  from  Ref.  22) 


Table  XVIII.  Mass  Extinction  Coefficients  for  Haze,  Clouds,  and  Rain 
(data  from  Ref.  22) 

(Yex  in  neper  km  per  g m liquid  water  content) 


Haze  L 

Cloud  C.l 

Cloud  C.5 

Rain-10 

X w = 

1.167-10-5  g m"3 

w = 0.06255  g ra~3 

w = 0.2969  g m ^ 

w * 0.5091  g m ^ 

(A-H)) 

(3117.) 

(250.1) 

(142.8) 

(2.573) 

16 . 6ym 

247.6 

17 . Oym 

257.8 

168.3 

100 . ym 

(36.8) 

43.01 

69.72 

2.816 

200 . ym 

(16.8) 

15.56 

18.92 

2.950 

337. ym 

(10.5) 

9.293 

9.932 

3.097 

500. ym 

(7.21) 

7.301 

7.527 

3.243 

1.  mm 

(3.87) 

(3.87) 

3.924 

3.580 

2 . mm 

(1.60) 

(1.60) 

(1.60) 

3.830 
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Fig.  21.  35  QHz  Attenuation  versus  95  GHz  Attenuation 

for  Heavy  Prerain  Clouds  (data  from  Ref.  47) 


Fig.  22.  Effect  of  Cumulus  Clouds  on  Attenuation 
(data  from  Ref.  47) 
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Fig,  23,  Attenuation  of  General  Overcast  versus 
Air  Mass  for  35  GHz  and  92  GHz  (data 
from  Ref.  47) 
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and  35  GHz  radiation.  Figure  23  shows  the  attenuation  effects  of  an 
overcast  sky  versus  air  mass  (secant  of  zenith  angle)  for  35  GHz  and 
92  GHz  radiation. 

47 

As  a function  of  cloud  type,  Lo  et  al . have  summarized  their 
measurements  in  two  tables:  the  first,  presented  here  as  Table  XIX 
gives  the  attenuation  in  db,  for  35  and  95  GHz  radiation,  due  to 
individual  fair-weather  cumulus  clouds.  In  Table  XX  is  a summary  of 
zenith  cloud  attenuation  for  35  and  95  GHz  radiation  by  different  cloud 
types . 

46 

Corcoran  has  calculated  data  on  the  attenuation  due  to  moderate 
rain  of  a 2-km  depth  (zenith  path  through  a 500  m thick  strato  cumulus 

cloud) . His  data  for  attenuation  of  radiation  with  wavelengths  in  the 
atmosphere  windows  between  345  ]im  to  3 mm  are  given  in  Table  XXI, 

There  is  a vast  literature  on  the  scattering  and  attenuation  of 
millimeter  and  submillimeter  radiation  by  rain.  Before  we  get  into  the 
data  and  calcualtions  that  were  found  relevant,  let  us  discuss  some  of 
the  currently  used  size  distributions  for  rain  droplets.  D.  Deirmendjian 
introduced  a general  raindrop  sized  distribution, 

n(r)  = ar^  exp(-br^) 


to  model  both  clouds,  hazes  and  raindrops.  The  parameters  a,  a,  b,  y 
are  positive,  real  numbers  that  may  be  related  to  measurable  parameters. 
For  y = 1, 


n(r)dr  = N = total  number  of  particles  per  unit  volume 


0 

in  the  distribution.  This  gives 

Nb 


r(a+l)  * 


Some  other  properties  of  Deirmendj ian ’ s distribution  are  that  there 
is  only  one  peak  in  the  distribution,  there  is  exponential  decay  in  the 
number  density  in  both  increasing  drop  size  and  a cut-off  on  decreasing 
drop  size. 
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Table  XIX.  Attenuation  due  to  Individual  Fair  Weather 
Cumulus  Clouds  (from  Ref.  47) 


Cloud  Attenuation,  dB 

95  GHz  Attenuation 

35  GHz 

95  GHz 

35  GHz  Attenuation 

0.  16 

0.  RH 

5.  5 

0.  04 

0.  18 

4.  5 

0.  12 

0.65 

5.  4 

0.  06 

0.  22 

3.  7 

0.  09 

0.  36 

4.0 

0.  16 

0.  48 

3.0 

0.  04 

0.  16 

4.0 

0.  06 

0.  22 

3.7 

Table  XX.  Summary  of  Zenith  Cloud  Attenuation  for 
Different  Cloud  Types  (from  Ref.  47) 


Cloud  Type 

Number 

of 

Days 

Total 

Number 

of 

Obs  ervations 

Ground  Level 
Water  Vapor  Density 
in  g/m^ 

35  GHz  Value  in  dB/95  GHz  Value  in  d!3 

Measured  Cloud  Attenuation  Calculated  Gaieous  Attenuation 

Mean 

Standard 

Deviation 

Mean 

Standard 

Dev  iation 

M ean 

Standard 

Deviation 

Altocumulus 

5 

7 

16.8 

1 .43 

. 02/-, 23 

. 09/.  30 

.38/1. 93 

. 02/. 14 

Altostratus 

2 

2 

14.  7 

1.53 

. 15/.  30 

. 04/. 05 

. 34/1 . 73 

.03/.  16  v 

Stratocumulua 

8 

22 

18.  9 

1. 68 

. 18/. 61 

. 1 3/. 41 

. 43/2.  14 

. 03/. 15 

Stratus 

5 

8 

19.  1 

2.  30 

. 1 3/.  12 

.03/.  24 

. 42/2.  14 

. 04/. 21 

Nimbostratus 

2 

5 

20.  8 

0.  31 

. 14/.  1 1 

. 06/. 24 

. 44/2.  32 

.01/. 03 

Cumulus 

13 

20 

18.  7 

1.81 

. 12/.  34 

. 14/.  36 

.41/2.  1 2 

. 03/. 18 

Cumulonimbus 

2 

6 

18.  1 

2.  39 

. 34/2.  36 

.22/1.86 

. 40/2.07 

.04/. 23 
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Table  XXI.  Proportion  of  Total  Attenuation  due  to  Moderate 
Rain  of  2-KM  Depth  (Zenith  Path  Through  500-M 
Strato-Cumulus  Cloud)  (data  from  Ref.  46) 


Candi date  wi ndows 

Total  gaseous 
absorption  plus 
contribution  to 
attenuation  by  500- 
meter  st-cu  cloud 

Contri bution 
by 

moderate  rain 
of  2 km  depth 

Total 

attenuation 
due  to 

gases,  cloud 
and  rain 

Propor ti on 
of  total 
attenuation 
due  to 

2 km  rain 

W i ndow 

Wavelength 

III 

3mm 

2 ,ZZ  db 

5.2  db 

7.42  db 

70S 

IV 

2.3mm 

2.08  db 

2.5  db 

4.58  db 

55X 

V 

1. 3mma 

3.71  db 

2.5  db 

6.21  db 

40X 

VI 

880pa 

12.27  db 

2.4  db 

14.67  db 

16  X 

VII 

720pa 

24.92  db 

2.3  db 

27.22  db 

8X 

IX 

620pa 

60.0  db 

(2.2)  db 

(62.2)  db 

(3.5) 

XII 

345pa 

82.5  db 

(2.0)  db 

(84.5)  db 

(2.3) 

No  allowance  made  at  these  wavelengths  for  possible  reductior 
moderate  rain  by  the  mechanism  of  forward  scatter. 


Note : 


Values  in  parentheses  are  extrapolated. 


in  attenuation  due  to 
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Other  prominently  used  drop-size  distributions  are  those  attributed 
49  50  51 

to  Laws  and  Parson  5 Marshall  and  Palmer  and  Best.  These  distributions 

are  illustrated  by  the  following  tables  and  graphs.  Table  XXII  shows,  for 

the  Laws  and  Parson  drop-size  distribution,  the  percent  of  the  total  of 

water  versus  the  particle  size  for  5 different  rain  rates.  Similar  data 

for  the  Marshall  and  Palmer  distribution  are  shown  in  Table  XXIII.  The  data 

52 

in  Tables  XXII  and  XXIII  were  obtained  from  a paper  by  Wilcox  and  Graziano. 
Figure  24  shows  data  based  on  the  Best  model  that  gives  the  drop  radius 
concentration  as  a function  of  droplet  radius  for  rainfall  rates  of  1, 

4,  16,  and  64  mm/hr . The  Best  model  describes  the  fraction  of  the  total 
liquid  water  contained  in  the  water  drops  which  have  diameters  less  than 
x (mm)  for  a given  rainfall  rate  R (mm/hr) . The  Best  model  is  defined 
by: 


F(x)  = 1-exp  _[-  (x/ a)n]  , 
where  a = AxR^  „ 

3 3 

The  total  liquid  water  content  expressed  in  mm  /m  is 
w = CxRr 

A = 1.3,  c = 60,  p = 0,232,  r = 0.846,  and  n = 2.25. 

44 

Downs  felt  that  the  Best  distribution  most  accurately  describes  the 

70  GHz  scattering  data  for  rain.  He  calculated  a rain  scattering 

coefficient  as  a function  of  rainfall  rate  (or  visibility)  for  visible 

light,  IR,  microwaves  and  millimeter  wave  radiation.  Downs  used  the 

Laws  and  Parson1 s drop  radius  distribution  in  calculating  the  microwave 

and  millimeter  wave  rain  scattering  coefficients.  Downs1  results  are 

depicted  in  Tables  XXIV  and  XXV.  Table  XXIV  gives  the  rain  scattering 

coefficient  in  km  ^ vs  visibility  (or  rainfall  rate)  for  visible  through 

10,6  ym  radiation,  and  Table  XXV  gives  the  rain  scattering  coefficient 

per  km  vs  rainfall  rate  for  frequencies  of  9.375  GHz  through  240  GHz. 

Absorption  coefficients  in  rain  for  9.375  GHz  to  240  GHz  radiation  were 

53 

calculated  by  Setzer;  his  results  are  shown  here  as  Table  XXXVI. 
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Table  XXII.  Laws  and  Parsons  Drop  Size  Distributions 
(data  from  Ref.  52) 


Rain  rale  (mm/hr) 


D(mmt 

1.25 

2.  5 

5 

r 

2f>  j 100 

Percent  of  total  volume 

0.5 

10.9 

7.3 

4.7 

1.  7 

1 

1 

37.  1 

27.8 

20.3 

7.0 

4.0 

1.5 

31.3 

32.8 

31.  0 

18.4 

8.8 

2 

13.5 

19 

22.2 

23.  9 

13.  9 

2.5 

4.9 

7.9 

11.8 

19.  9 

17.  1 

3 

1.5 

3.3 

5.7 

12.8 

8.4 

3.5 

0.6 

1.  1 

2.5 

8.2 

15 

4 

0.2 

0.6 

1 

3.5 

9 

4.5 

0.2 

0.5 

2.  1 

5.8 

5 

0.3 

1.  1 

3 

5.5 

0.  5 

1.7 

6 

0.  3 

1 

6.5 

0.7 

Table  XXIII.  Marshall  and  Palmer  Drop  Size  Distribution 
(data  from  Ref.  52) 
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RAINDROP  CONCENTRATION  (DROPS/fT) 


0.01  0.10  1.0  s.o 

DROP  RADIUS  (1*0 


Fig.  24.  Best  Model  for  Drop  Radius  Distribution  as  a 

Function  of  Rainfall  Rate  (from  data  in  Ref.  52) 
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Table  XXIV,  Scattering  Coefficient  for  Rain  as  a Function  of  Rain  Rate 
(or  Visibility)  for  Wavelengths  of  0.55,  1.06,  2.3,  3.8  and 
10.6  ym  (Data  from  Ref.  44) 


RAINFALL 

RAIK  SCATTERING  COEFFICIENT  (W*1) 

US1- 

mm) 

EAVBLENGTH  0000*1 

MUBF 

O.SS 

1.06 

2.3 

3.4 

10.6 

i 

0.24S 

0.24S 

0.246 

0.246 

0.244 

16.0 

2 

0.376 

0.376 

0.376 

0.377 

0.341 

10.4 

4 

0.S76 

0.S76 

0.S76 

0.577 

0.542 

6.4 

• 

0.M2 

0.442 

0.442 

0.443 

0.440 

4.4 

It 

l.SS 

1.35 

1.35 

l.SS 

1.36 

2.4 

32 

2.07 

2.07 

2.07 

2.07 

2.07 

1.9 

64 

3.17 

3.17 

3.17 

3.17 

3.14 

1.2 

Table  XXV.  Scattering  Coefficient  for  Rain  as  a Function  of  Rain  Rate 
for  Frequencies  of  9.375,  35,  94,  140  and  240  GHz 
(Data  form  Ref.  44) 


RAINFALL 

RATE 

CWHR) 

RAIN  SCATTERING  COEFFICIENT  COT1! 

nimn  (ghx) 

9.375 

35 

94 

140 

240 

1 

6.0xl0“5 

1.7xl0-2 

1.4xl0-1 

1.6xl0_1 

1.6X10*1 

2 

1 . 7x10“* 

4.0xl0-2 

2.3x10*1 

2.4xl0_1 

2.4X10*1 

4 

4.7x10“* 

8.5xl0-2 

3.7X10'1 

3.8x10*1 

3.4X10-1 

4 

1.4xl0“3 

1.8x10*1 

6. 4xi0~l 

6.4X10'1 

6. 4x10“ * 

16 

4.0xl0"3 

4,r tjo"1 

1.1x10° 

1 . 1x10° 

1.1x10° 

32 

1.2xl0“2 

8.2xl0-1 

1.8x10° 

1.8x10° 

1.4x10° 
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3.2xl0“2 

1,7x10° 

2.9x10° 

2.9x10° 

2.9x10° 

63 


Table  XXVI.  Absorption  Coefficient  for  Rain  as  a Function  of  Rain  Rate 
for  Frequencies  of  9.375,  35,  94,  140  and  240  GHz 
(data  from  Ref.  53) 


MOMU 

rain  AMoumcN  coemcie*r  (nr1) 

MSI 

(MVM) 

mOOBCY  (OKs) 

9. 371 

» 

94 

140 

240 

1 

2. 0x10* 3 

4. 6x10* 2 

1.2X10"1 

1.4X10'1 

1.4X10'1 

2 

4.0x10* 5 

I.7xl0'2 

2.M10'1 

2.3X10'1 

2.3X10*1 

S.7xl0_1 

4 

1.2xlO*2 

l.OxlO*1 

3. 3x10* 1 

3.7X10'1 

• 

2. 9x10" 2 

S.txlO'1 

5.4X10*1 

6.2X10'1 

6.2X10'1 

1* 

0.3xl0~2 

S.txlO'1 

0.7X10"1 

1.0x10° 

1.0x10° 

32 

l.OxlO'1 

1.0x10° 

1.3x10° 

1.7x10° 

1.7x10° 

M 

S.Oxl#*1 

l.Oxlf0 

2.3x10° 

2.0x10° 

2.0x10° 
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54 

D.  C.  Hoggfs  measured  data  on  the  one-way  attenuation  due  to 

rain  at  70  GHz  and  some  theoretical  data  by  Crane^  and  SRI^  are  presented 
26 

in  Fig.  25.  Crane  calculated  the  one-way  attenuation  in  rain  vs  rainfall 
rate  and  showed  that  the  Laws  and  Parson’s  model  fits  Hogg’s  data  best; 
Crane’s  data  are  for  frequencies  of  15.5,  35,  70,  and  94  GHz.  V.  Richard^0 
compiled  this  set  of  Crane’s  data,  and  his  compilation  is  shown  in  Fig.  26. 


D.  Deirmendjian’ s calculations  of  the  extinction  coefficient 
resulting  from  rainfall  are  given  in  Fig.  20,  where  the  extinction 
coefficient  km  ^ vs  wavelength  is  shown  for  3 cloud  models  and  2 

rainfall  models.  The  wavelength  coverage  is  from  1.0  pm  to  100  mm. 

44 

Downs  has  combined  the  scattering  and  absorption  tables  for 
visible,  IR,  microwave  and  millimeter  wave  radiation,  and  his  results, 
giving  the  rainfall  attenuation  coefficients  vs  rainfall  rate,  are 
presented  in  Table  XXVII. 


Wilcox  and  Graziano  calculated  the  combined  atmospheric 

attenuation  by  water  vapor  (a  (vapor)),  oxygen  (a  ),  and  rain  (a  (cond)). 

w o w 

They  plotted  the  total  attenuation  (db/km)  vs  rainfall  rate  for  radiation 
of  wavelength  3,  4,  8,  and  10  mm,  for  rainfall  rates  of  0.1  mm/hr  to  100 
mm  per  hour.  Their  results  are  presented  in  Fig.  27. 

2 6 

Crane  has  calculated  the  rain  backscatter  cross  section  per 

unit  volume  of  rain  at  0°C  vs  rainfall  rate  for  15.5,  35,  70,  and  94  GHz, 

using  the  Mie  scattering  theory.  His  data  are  presented  in  Fig.  28. 

40 

(Downs  collected  Crane’s  curves  and  produced  the  composite  curve  presented 
here  as  Fig.  28.)  Victor  Richard  and  John  Rammer  er"*^  of  BRL  have  collected 
data  from  measurements  and  calculations  of  the  radar  backscatter  cross 
section  per  unit  volume  for  9.375,  35,  70  and  95  GHz  frequencies.  These 
data  are  plotted  as  a function  of  rain  rate,  from  0.1  mm/hr  to  100  mm/hr 
in  Figs.  29,  30,  31,  and  32.  Figure  29  presents  BRL’s  measured  data  of 
backscatter  cross  section  vs  rain  rate  for  the  4 frequencies  mentioned. 
Figure  30  presents  BRL’s  35  GHz  backscatter  cross  section  vs  rain  rate  as 
well  as  a number  of  other  calculations  and  measurements.  Figure  31 
presents  BRL’s  70  GHz  data  and  a collection  of  other  calculations  and 
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ATTENUATION  (db/km) 


Fig.  25.  Comparison  of  Theoretical  and  Measured  Data  on 

One-Way  Attenuation  in  Rain  at  70  GHz  (data  from 
Refs.  26,  40  and  54) 
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ONE  WAY  ATTENUATION  (db/km) 


Fig.  26.  One-Way  Attenuation  in  Rain  vs  Rainfall  Rate  for 
Frequencies  of  15.5,  35,  70  and  94  GHz  (Data  from 
Refs.  26  and  40) 
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Fig.  27.  Combined  Atmospheric  Attenuation  Caused  by  Water  Vapor 

(a  (Vapor)),  Oxygen  (a  ),  and  Rain  (a  (Cond))  as  a 
w o w 

Function  of  the  Rate  of  Rainfall  for  Wavelengths  of  3, 

4,  8 and  10  mm  (Data  from  Ref.  27) 
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BACKSCATTER  CROSS  SECTION  PER  UNIT  VOLUME  (cmV) 


Fig.  28.  Back.scatter  Cross  Section  per  Unit  Volume  of 
Rain  at  0°C  versus  Rainfall  Rate  for  15.5, 
35,  70  and  94  GHz  Radiation  (Data  from  Refs. 
26  and  40) 


70 


MEASURED  AVERAGE  BACKSCATTER 


Fig.  29.  Measured  Backscatter  Cross  Section  for  Rain 
vs  Rain  Rate  for  Frequencies  of  9.375,  35, 
70  and  95  GHz  (Data  from  Ref.  55) 


AVERAGE  BACKSCATTER 


I 10 

RAIN  RATE  , mm /hr 


100 


Fig.  30.  Measured  and  Calculated  Backscatter  Cross  Section  for  35  GHz 
Radiation  in  Rain  as  a Function  of  Rain  Rate  (Data  from 
Ref.  55) 
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AVERAGE  8ACKSCATTER 


I 10 

RAIN  RATE,  mm /hr 


100 


Fig.  31.  Measured  and  Calculated  Backscatter  Cross  Section  for  70  GHz 

Radiation  in  Rain  as  a Function  of  Rain  Rate  (Data  from  Ref.  55) 
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Fig*  32.  Measured  and  Calculated  Rain  Backscatter  Cross  Section  for 
95  GHz  Radiation  in  Rain  as  a Function  of  Rain  Rate  (Data 
from  Ref.  55) 
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measurements  which  were  referred  to  in  their  article.  Figure  32  presents 
BRL!s  95  Gdz  data  along  with  other  calculations  and  measurements.  The 
reader  is  referred  to  Ref.  55  for  further  details  on  these  curves. 

5 6 

A.  V.  Sokolov  computed  the  attenuation  in  rain,  in  dB/km  vs 
intensity  of  rainfall,  1-100  mm/hr,  for  visible,  IR,  and  microwave 
frequencies,  for  .63  pm  - 8 mm,  using  Mie  theory,  where  applicable, 
and  Best ! s drop-size  distribution.  His  results  are  shown  in  Table  XXVIII. 

Serge  Godard57  measured  the  reflectivity  of  rain  drops  as  a 
function  of  drop  radius  for  radiation  of  .86  cm,  3.21  cm,  5.5  cm,  and 
10  cm  wavelength.  His  data  on  rain-drop  reflections  are  shown  here  in 
Fig.  33.  He  also  found  that  for  0.86  cm  waves,  the  attenuation  in  rain 
is  really  independent  of  the  drop-size  distribution;  even  though  the 
reflectivity  is  very  much  a function  of  drop  diameter. 

58 

Mai inkin,  Sokolov,  and  Sukkonen  measured  the  attenuation 
coefficient  in  dB/km  for  8.6  mm  radiation,  and  computed  the  attenuation 
for  1,  2,  4 and  8.6  mm  radiation.  The  results  of  their  calculations  are 
shown  in  Fig.  34.  Figure  35  shows  more  details  of  their  measured  and 
calculational  data  on  the  attenuation  coefficient  at  A=8.6  mm  as  a function 
of  rainfall  rate. 

Sokolov  and  SukkonenJ^  computed  the  attenuation  of  radio-waves 
in  the  0.1 -2mm  range  using  the  drop-size  distributions  of  both  Best  and 
Polyakova.  For  rain  rate  less  than  10-12  mm/hr,  using  Mie  theory,  the 
computations  were  in  agreement  with  experimental  data  at  0.96  mm.  The 
results  of  their  theoretical  calculations  are  shown  in  Table  XXIX. 

60 

Bakin,  Zimin  et  al.  measured  the  attenuation  in  rain  of  radio- 
waves of  0.96  mm.  The  results  of  their  measurements  are  shown  in  Fig.  36. 
They  found  that  compared  to  radiation  of  8.6  mm,  the  attenuation  at  0.96  mm 

is  larger  roughly  by  a factor  of  2.5  to  3.0.  Table  XXX  tabulates  their  data 

61 

(average  values)  with  some  of  Medhurst  at  0.96,  4.3,  6.2,  8.6  and  9.6  mm 
for  rainfall  intensity  of  5 and  12  mm/hr. 

6 2 

In  1970,  V.  I.  Rozenberg  performed  a critical  review  of  radar 
characteristics  of  rain  in  the  submillimeter  range.  He  calculated  the 
backscattering  cross  section  and  the  attenuation  coefficient  for  sub- 
millimeter radiation  using  the  Marshall-Palmer  and  Best  drop-size 
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Table  XXVIII,  Attenuation  Coefficient  for  Rain  vs  Rainfall 
Intensity  for  Wavelengths  between  0.63  ]im  and 
8 mm  (Data  from  Ref.  56) 


Attenuation  Coefficient  x(dB/km) 


Intensity 

Wavelength  of  radiation 

mm/hr 

0.63  p m 

3.0  pm 

10.6  pm 

too  p m 

300  pm 

800  pm 

1 mm 

2 mm 

4 mm 

8 mm 

1 

1.1 

1.1 

1.1 

1.5 

1.5 

1 .6 

1 .7 

1.5 

0.8 

0.3 

5 

3.0 

3.0 

3.0 

3.4 

3.5 

3.0 

3.7 

3.0 

2.9 

1.4 

10 

4.5 

4.5 

4.5 

5.2 

5.4 

5.0 

5.7 

5.0 

4.8 

2.7 

25 

7.8 

7.9 

7.9 

8.8 

0.3 

9.0 

9.4 

9.3 

8 9 

5.9 

50 

1 J .5 

1 2.0 

12.0 

13.9 

14.7 

15.3 

15.0 

10.0 

15.0 

11.1 

100 

18.2 

18.5 

18.5 

20.0 

21.3 

22  1 

22.7 

1.3.0 

22.3 

17.3 

Table  XXIX.  Calculated  Attenuation  Coefficient  for  Rain  vs 
Rainfall  Rate  for  Drop-Size  Distributions  of 
Best  and  Polyakova  at  T=20°C 

Attenuation  Coefficient  y(dB/km) 


I. 

mm/hr 

Wavelen 

mm 

2 

.0 

1 0 

0.8 

o r. 

0.1 

Ba 

Pb 

B 

P 

B 

P 

B 

P 

B 

P 

0.5 

0.7 

0.8 

0.9 

0.8 

0.9 

0.8 

0.9 

0.8 

0.8 

0.0 

t.n 

1.5 

1 .3 

1,7 

1.3 

1.0 

1 .2 

1 .6 

1 .1 

1 5 

1.0 

2.5 

2.3 

2.0 

2.4 

2.5 

2.4 

2.4 

2.3 

M.2 

2.1 

2.0 

5.0 

3.0 

4.1 

3.7 

3.9 

3.0 

3.8 

3.5 

3.4 

3.2 

3.1 

10. 0 

5.0 

7.7 

5.7 

7.2 

5.0 

7.0 

5,4 

0.3 

4.9 

5.8 

25,0 

9.3 

13.8 

9.0 

12.8 

9.0 

12,5 

9.3 

11.3 

8.3 

10.4 

50.0 

10.(1 

22.1 

15.0 

20.5 

15.3 

20.0 

14.7 

18.1 

12,7 

10.0 

100.0 

23,0 

34.0 

22.7 

31.5 

22  1 

30.0 

21.3 

28 . 4 

18.0 

20.5 

a.  Calculated  using  the  Best  Distribution 

b.  Calculated  using  the  Polyakova  Distribution 
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Fig*  33,  Rain  Drop  Reflection  as  a Function  of  Drop  Size  for  Several 
Wavelengths  (Data  from  Ref.  57) 


77 


a 

eq 

x) 


H 

£5 

W 

M 

U 

H 

PL| 

Fm 

w 

o 

CJ 

o 

M 

H 

< 

S 

w 

H 

H 

< 
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Fig.  34.  Computed  Attenuation  Coefficients 

at  A=l,  2,  4 and  8 . 6 mm  vs  Rainfall 
Rate  (Data  from  Ref.  58) 


RAIN  RATE  (mm/hr) 

Fig.  35.  Measured  and  Calculated  Attenuation  Coefficients 
at  A=8.6  mm  vs  Rainfall  Rate:  Solid  Curve  is 
Calculated  Data,  Dashed  Curve  is  Average  of 
Measured  Data,  Points  are  Measured  Data 
(Data  from  Ref.  58) 
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Measured  Attenuation  in  Rain  for  0.96  cm 
Radiation  vs  Rainfall  Rate  (Data  from  Ref.  60) 


Table  XXX.  Average  Values  of  the  Attenuation  Coefficient 

in  Rain  for  Rainfall  Intensities  of  5 and  12  mm/hr 
and  Wavelengths  of  0.96,  4.3,  6.2,  8.6  and  9 . 6 mm 
(Data  from  Ref.  63) 


Attenuation  Coefficient  (d3/km) 


! Wave- 

j length 
(mm) 

Intensity 

(mm/hr) 

5 

12 

i 

0.96 

4.8 

7.8 

4.3 

3.5 

6.0 

6.2 

3.0 

6 . 5 

8.6 

2.2 

3.0 

9.6 

— J 

1.2 

2.0 
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distributions.  Results  of  his  calculations  for  the  backscattering 
cross  section  in  units  of  (m  ) are  shown  in  Fig.  37.  His  attenuation 
coefficient,  in  dB/km,  is  shown  in  Fig.  38.  Both  calculations  were  for 
radiation  of  wavelengths  of  0.3  mm  to  10  cm,  and  rainfall  rates  of  0,1, 

1,  10,  and  100  mm/hr.  He  presented  a large  bibliography  on  work  performed 
prior  to  1970,  with  60  references. 

6 3 

Joerg  Sander  measured  the  attenuation  due  to  rain  at  5.77,  3.3, 
and  2 mm.  Simultaneously  recorded  were  rainfall  rate  and  a part  of  the 
drop-size  spectrum.  He  calculated  the  total  cross  section  of  spherical 
water  drops  at  a temperature  of  10°C  as  a function  of  radius,  from 
0.3-3. 5 mm,  using  Mie  scattering  theory.  Sander Ts  calculated  cross  section 
data  are  shown  in  Fig.  39.  His  measured  attenuation  data  are  presented  in 
Figs.  40,  41,  and  42  as  scattergrams  for  5.77,  3.3  and  2.0  mm  wavelength 
radiation  respectively.  The  measured  data  are  compared  in  these  figures 
with  a calculation  of  the  attenuation  in  dB/km  vs  rainfall  rate  for 
5.77  mm,  3.3  mm  and  2 mm  radiation,  respectively.  Also  plotted  on  these 
scattergrams  were  regression  curves  for  rainfall  rate  with  attenuation. 
RjD,  and  attenuation  with  rainfall  rate  D ( R^. 

Robert  Crane  wrote  a tutorial  article  on  "Attenuation  due  to  Rain, 
64 

a Mini  Review."  He  reviewed  progress  on  the  development  and  verification 
of  a theory  of  rain-caused  attenuation,  and  considers  the  the  statistical 
models  required  to  predict  attenuation,  ca  1975.  Wavelength  coverage  in 
his  article  appears  to  be  from  15  cm  to  0.8  cm. 

R.  R.  Rogers  has  reviewed  "Statistical  Rainstorms  Models:  Their 
Theoretical  and  Physical  Foundations,"  in  a long  article,  ca  1976.  Most 
of  the  data  discussed  by  Rogers  is  for  propagation  of  10-20  GHz  radiation 
in  rain,  but  some  millimeter  wavelength  data  is  discussed.  He  has  a 
number  of  suggestions  for  further  research. 

G.  C.  McCormick^  wrote  an  article  on  theory  of  propagation  in  a 
precipitation  medium,  considering  the  polarization  aspects  of  the  rain. 

He  concluded  that  the  most  advantageous  polarizations  for  the  measurements 
for  (rain)  medium  characteristics  are  right-hand  circular,  left-hand 
circular,  and  ± 45°  slant  linear  (with  respect  to  the  rainfall  direction). 
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Fig.  37.  Specific  Backscattering  Cross  Section  of  Rain  of 
Different  Intensity  at  18°C,  Marshall-Palmer  Dis- 
tribution (dashed  lines)  (Data  from  Ref.  62) 


WAVELENGTH  (cm) 

Fig.  38.  Attenuation  Coefficient  of  Rain  of  Different 

Intensity  at  18°C,  Marshall-Palmer  Distribution 
(continuous  lines)  and  Best  Distribution  (dashed 
lines)  (Data  from  Ref.  62) 
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Q„(r , A) 


Fig.  39.  Mie  Calculations  of  the  Extinction  Efficiency 
for  Rain  Drops  vs  Drop  Radius  for  A=5.77,  3.3 
and  2.0  mm  (Data  from  Ref.  63) 
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RAINFALL  RATE,  R (mm/hr) 

A 

Fig.  40.  Measured  Attenuation  Coefficients  vs  Rainfall  Rate, 
R^at  A=5.77  ym  (Data  form  Ref.  63) 
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ATTENUATION  COEFFICIENT,  D (dB/km) 


Fig.  41.  Measured  Attenuation  Coefficients  vs  Rainfall  Rate, 
R , at  A=3.3  mm  (Data  from  Ref.  63) 

A 
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ATTENUATION  COEFFICIENT,  D (dB/ktn) 


Fig.  42.  Measured  Attenuation  Coefficients  vs  Rainfall 
Rate,  R , at  A=2  ram  (Data  from  Ref.  63) 

A 
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Radio  waves  of  16.5  - 30.9  GHz 


were  considered  in  his  calculations. 


Julian  Goldhirsh  computed  some  attenuation  fade  statistics 
for  satellite  to  2 ground  stations  separated  by  a distance  d.  He  modeled 
the  total  (zenith  path)  attenuation  by 

£i 

c 


A. 

l 


k(£)d£  (in  dB)  , 


o 


where 


k(£)  2;  a[z(£)]k  in  dB/km.  . 


The  values  of  a and  b used  by  Goldhirsh  are  given  in  Table  XXXI. 

He  also  computed  the  joint  conditional  probability  that  attenuation  at 
two  terminals  separated  by  a distance  d exceeds  the  abcissa  at  path 
elevation  angle  6 = 45°  at  100  GHz.  His  joint  probability  calculations 
are  presented  here  as  Fig.  43.  He  has  done  similar  calculations  for 
frequencies  of  13,  18,  and  30  GHz . He  used  the  radar  reflectivity  of 
rain  at  2.8  GHz  as  part  of  his  data  base. 

68 

P . Wiley  in  his  PhD  thesis , considered  the  non- sphericity  of 
raindrops  regarding  scattering  calculations,  reviewing  Oguchi's  work 
of  the  1960s.  He  then  extensively  reviewed  the  literature  on  cm  and  mm 
rainfall  propagation  experiments.  He  analyzed  in  detail  some  19.3  GHz  data 
for  polarization  effects.  He  compared  his  results  for  rainfall  attenuation 
with  that  of  Oguchi,  for  horizontal  and  vertical  polarization  for  a 1.43 
km  path  at  19.3  GHz.  His  data  are  shown  here  as  Fig.  44.  He  calculated 
the  cross  polarization  vs  pathlength  for  a tilt  angle  of  60°  and  a 
frequency  of  19.36  GHz.  His  results  are  shown  in  Fig.  45.  He  did 
similar  calculations  for  a tilt  angle  of  75°;  those  results  are  shown 
in  Fig.  46.  Conclusions  he  reached  regarding  the  influence  of  polarization 

on  millimeter  wave  propagation  through  rain  are  the  following: 

% 

1)  The  best  polarizations  to  use  for  a depolarization  experiment 
are  ± 45  from  the  vertical.  2)  Vertical  and  horizontal  polarizations  should 
not  be  used  for  a depolarization  experiment.  3)  Vertical  polarization 
suffers  the  least  average  attenuation  during  rainfall.  4)  Oguchi's 
attenuation  and  phase  rotations  for  19.36  GHz  are  correct.  5)  The  effective 
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Table  XXXI.  Best  Fit  Values  of  a and  b for  k = aZ^ 
(k  in  dB/km,  Z in  mm6/m3) 


(Data  from  Ref.  67) 
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13 

3 15  x I0-« 
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18 

9 12  x 10-4 

0.681 

25 

3.25  x 10- 3 

0.610 

30 

6.82  x 10- 3 

0.570 

100 

6.20  x 10- 1 

0.429 

Fig.  43.  Joint  Conditional  Probability  that 

Attenuation  at  Two  Terminals  Separated 
by  Distance  d Exceeds  the  Abscissa  at 
Path  Elevation  Angle  0=45°  at  f=100  GHz 
(Data  from  Ref.  67) 
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Rainfall  Attaanatlon  for  1.43  ka  path  In  AS 


Rain  Rate  In  m/hr 

Fig.  44.  Theoretical  Prediction  of  Rainfall  Attenuation  at  19.3  GHz  for 
a 1.43  km  Path  (Data  from  Ref.  68) 
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percentage  of  oblate  drops  assumed  in  an  analysis  is  critical  to  the 
predicted  polarization  level.  6)  Polarization  diversity  is  not  feasible 
as  a means  of  increasing  resistance  to  rain-induced  fading.  7)  The 
use  of  polarization  multiplexing  utilizing  orthagonal  polarizations  is 
limited  to  very  short  path  lengths.  8)  Use  of  a distribution  of  rain- 
drop sizes  is  unnecessary  to  get  good  agreement  between  theory  and 
experiment ( ! ) . 

69 

Louis  Ippolito,  the  NASA  Goddard  ATS-5  and  6 millimeter  wave 
communications  experiment  manager,  wrote  his  1977  PhD  thesis  on 
"Scattering  in  Discrete  Random  Media  with  Implications  to  Propagation 
through  Rain.”  Ippolito  ^ investigated  the  multiple  scattering  effects 
on  wave  propagation  through  a volume  of  discrete  scatterers.  The  mean 
field  and  intensity  for  a distribution  of  scatterers  was  developed 
using  a discrete  random  media  formulation,  and  second  order  series 
expansions  for  the  mean  field  and  total  intensity  derived  for  one- 
dimensional and  three-dimensional  configurations.  The  volume  distribu- 

\ 

tion  results  were  shown  to  proceed  directly  from  the  one-dimensional 
results.  Ippolito Ts  analyses  demonstrated  that  either  discrete  or 
continuous  techniques  may  be  employed  for  the  mean  field  and  intensity 
expansions,  as  long  as  care  is  taken  to  insure  non-overlapping 
scatterers  in  the  formulation.  The  multiple  scattering  intensity 
expansion  was  compared  to  the  classical  "single  scattering"  intensity 
and  the  classical  result  was  found  to  represent  only  the  first  three 
terms  in  the  total  intensity  expansion.  The  Foldy  approximation  to 
the  mean  field  was  applied  to  develop  the  coherent  intensity,  and 
Was  found  to  exactly  represent  all  coherent  terms  of  the  total 
intensity.  An  incoherent  intensity  term,  secular  in  L,  in  path  length, 
was  found  which  was  not  accounted  for  in  the  Foldy  approximation  result 
or  in  the  "single  scattering"  formulation.  Ippolito1 s study  demon- 
strated the  feasibility  of  using  discrete  random  media  techniques  for 
the  determination  of  multiple  scattering  effects  in  propagation  through 
a volume  of  discrete  scatterers,  and  has  provided  some  insight  to  the 
more  general  problem  of  multiple  scattering  in  a rain  volume. 
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L.  Ippolito70  chaired  a meeting  on  the  20  and  30  GHz  experiments 
with  the  ATS-6  satellite.  A number  of  interesting  papers  on  the  attenuation 
and  depolarization  of  20  and  30  GHz  radiation  was  presented  at  that  meeting. 


2.4  Scattering  and  Attenuation  by  Snow 

The  scattering  of  radiation  by  snow  is  different  than  the  scat- 
tering by  rain  in  that  the  dielectric  constant  of  ice  is  much  less  than 
that  of  water,  and  that  the  ice  particle  making  up  snow  is  distinctly 
nonspherical. 

M.  D.  Blue  of  Georgia  Tech  measured  the  permittivity  of 
water  and  ice  at  97-103  GHz  by  a reflectivity  measurement  of  water 
and  ice  relative  to  mercury.  He  found  that  the  reflectivity  of  water 
was : 

R = 0.392  ± .014  for  103.8  GHz  radiation, 
thus  n - ik  = 3.24  - 1.825i  for  the  index  of  refraction  for  water 
and  e'-  is*1  = 7.16  - 11.825i  for  water's  dielectric  constant. 

He  also  measured  the  reflectivity  of  water  at  temperatures  from  32 °C 
to  47°C  at  103.8  GHz,  though  no  sets  of  terms  for  Debye's  equation 
were  given,  as  a function  of  temperature.  The  index  of  refraction  of 
ice  at  99  GHz  was  found  to  be  1.7  ± .08,  real,  within  experimental 
measuring  ability. 

The  literature  on  scattering  and  attenuation  by  snow  in  the 
millimeter  wave  range  is  very  sparse.  Malinkin,  Sokolov  and  Sukhonin' 
measured  the  attenuation  due  to  snow  at  8.6  mm  wavelength.  Their  result, 
in  dB/km  vs  snowfall  rate  in  mm/hr  is  shown  here  as  Fig.  47.  They  con- 
cluded that  the  attenuation  in  dry  snow  is  2.5-5  times  smaller  than  the 
attenuation  in  rain  of  the  same  intensity.  Reference  58  includes  a 
reference  list  of  11  articles. 

72 

Yu.  S.  Babkin  et  al. , measured  the  attenuation  of  radiation  at 
a wavelength  of  0.96  mm  in  snow,  with  a vertical  polarization,  and  a 
680  m path  length.  The  following  empirical  relation  was  found  to  fit 
the  mean  attenuation  in  dB/km  vs  snowfall  rate  in  mm/hr  , 
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Y (dB/km)  = 3.02  I'79 

where  I = snowfall  rate  per  mm/hr. 

When  the  authors  of  Ref.  72  tried  to  analyze  the  measured  attenuation 
data  with  the  use  of  Mie  theory,  they  obtained  results  that  disagreed 
with  the  measurements  by  a factor  of  about  3.  They  assumed  that  the  ice 
index  of  refraction  was  1. 78-0. 00024i,  and  estimated  that  a homogenous 
mixture  of  ice,  water  and  air  (making  up  snow)  would  have  an  index  of 
refraction  of 

m = 1.052  - 0.000121  for  X = 0.96  mm. 
s 

They  assumed  that  an  equivalent  volume  of  snow  (melting  ice)  would 

-3 

have  a density  of  0.07  gm  cm  . They  calculated  an  attenuation 
coefficient  related  to  that  of  water  of  the  same  wavelength.  Doing 
this,  they  found  that  attenuation  in  rainfalls  is  30  - 40%  less  than 
in  snow  of  the  same  equivalent  water  content.  Babkin 's  data  on  snow- 
fall attenuation  in  dB/km  vs  snowfall  rate  is  shown  in  Fig.  48. 

2.5  Attenuation  by  Ozone  in  the  Atmosphere 

Ozone  is  an  atmospheric  constituent  that  manifests  itself 
most  at  higher  altitudes  except  during  thunderstorms,  lightning,  etc., 
and  in  and  around  arcking  electronic  devices  (brush  type  motors) . 

The  most  comprehensive  article  on  the  millimeter  wave  spectrum 

73 

of  ozone  is  by  M.  Lichtenstein,  J.  Gallagher,  and  S.  A.  Clough.  They 
used  a Stark  effect  spectrometer  and  measured  absorption  lines  for 
frequencies  between  9.2  to  320  GHz.  Results  of  their  absorption 
measurements  are  given  in  Table  XXXII.  Note  that  the  strongest  lines 

_4  _i9  -i  2 

(where  the  intensity  is  more  than  5X10  X 10  cm  /molecule/cm  ) 
occur  at  frequencies  higher  than  230  GHz. 

74 

A.  Barbe,  C.  Secroun  et  al. , more  recently  (1977)  remeasured 
some  of  the  absorption  lines  of  ozone  in  the  15-80  GHz  region;  their 
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-0.10 

173485.53 

173435.60 

-0.07 

175186.35 

175186.28 

0.07 

175*45  .65 

175445.71 

178576.65 

180001.07 

183964.63 

— 0 .06 

134379 .31 

184377.63 

C • 6 8 

154748.94 

184746.81 

0.03 

185556.91 

185557.04 

-0.13 

mo*  1 z ~19  c 

Hoi«c/c*2 


•-*/ 


0,0000236 

C.C000096 

C.CCCC<*29 

0. OCC0052 

- • 0 w‘0  - w 2 9 

0*00*0052 

3.CC00915 

w • v «jC  0X26 
0*0000290 
0 . *00000  5 
0. JC00349 
0. COCO 0C 5 
C.CC0X273 
S.0CCC321 

C»CC*v2T2 
c . c :c : : 36 
0.0000265 
C.CC00167 
0. 0000236 
0-CCC1635 
0.0001079 
0 • 0000346 

*.Vw***h,6 

0*0000132 

0.0000254 
0-0 CO  0105 
0*0000101 
0*0000026 
0.0000036 

0*uvwtf(>26 

0.000003*. 
C*OCCOC36 
0. CCC2522 
0.00*0015 

c.cccccic 

^•UvC.C63 
0*000094*. 
0. 3000542 
0. wCx vCuS 
0.00**141 
0*0000333 
v.CO«v565 
C • 0CQC 1 5 6 
C.OCCOOOS 
w • .wO.C6^ 
0.0001016 
C. 0003336 
0*  000  JO  32 

o.ocoocoi 
0 • 0 *C*275 
0.0C00C17 
C. 0000124 
*.*000209 
* • 0 0*  045  9 
C • CCGC7C4 
0.C00CC59 
C*  CCC0093 
O.COCOC35 
0.0CC2972 
0.CCC096t 
C • 0000244 
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Table  XXXII.  (Continued) 


Opp«r 

Lower 

Oba. 

Calc. 

oba«- 

In  ten*  i ty 

State 

State 

Frequency 

Frequency 

Calc. 

296°K  1 C~l  9 c»- 

J 

V 

‘c 

J 

ka 

Kc 

MHz 

MHz 

MHz 

Molec/c*2 

41 

4 

33 

40 

5 

35 

187132.45 

O.CCOC1C 2 

42 

3-69 

43 

2 

42 

197633.43 

0.0000011 

29 

2 

26 

29 

1 

29 

107885.35 

0. 3CC0C45 

39 

7 

33 

40 

6 

34 

19C574.46 

O.OCOOC92 

l7 

4 

14 

18 

3 

15 

19^351 • 3 0 

193351.17 

0.13 

0.CC0C562 

14 

1 

13 

14 

>J 

14 

19543C .51 

195-30.20 

-•31 

-.0004254 

10 

3 

7 

11 

2 

10 

195721.19 

195721.27 

-C.08 

C.00CC822 

46 

8 

39 

47 

7 

41 

197536.21 

0 . 00CCC  2 7 

30 

3 

27 

29 

4 

26 

199394,77 

0.0000535 

53 

G 

45 

54 

Q 

46 

203367.90 

— . w0CCCc6 

3e 

4 

34 

7 

5 

33 

20345  2.0'* 

0. 000  0199 

24 

c, 

19 

25 

4 

22 

206131.95 

0. 0000669 

46 

5 

41 

45 

6 

40 

207482.22 

0. JCC0054 

5 

1 

5 

4 

0 

4 

2C8642 .44 

206642.33 

0.11 

0.0002407 

31 

6 

26 

32 

5 

27 

210423.10 

210423.14 

-0.04 

d.OCw 0345 

2 

2 

3 

3 

1 

3 

21C*’62.38 

0.CCCC131 

9 

3 

7 

1C 

2 

8 

210803.90 

210=03.36 

0 .44 

0. 0000870 

16 

1 

15 

15 

2 

14 

2 14955.48 

C.0CC2320 

*5 

6 

53 

54 

7 

47 

215129.44 

«j  . 0c w - 0 0 9 

54 

6 

4 8 

53 

7 

47 

215403.75 

0.OCCCC11 

33 

7 

31 

39 

6 

34 

219120.19 

0.0CCC136 

45 

e 

30 

46 

7 

39 

2239CC. 19 

0.  0 O'—  w w 4 1 

43 

4 

40 

42 

C 

37 

224853.23 

O.OOCC 105 

16 

4 

12 

17 

3 

15 

226054.1 2 

C.C--11&3 

59 

4 

56 

58 

5 

53 

220322.69 

0.0C0CCC2 

23 

5 

19 

24 

4 

2C 

229574.89 

0 • 000C  869 

16 

1 

15 

16 

c 

16 

23128 1.25 

0.0C05224 

49 

5 

45 

48 

6 

42 

2 32994.27 

0.CCCCC39 

16 

2 

14 

16 

1 

15 

2357C9.64 

0.0007527- 

14 

2 

12 

14 

1 

13 

237146.00 

0. 00— 726  4— 

30 

6 

24 

31 

5 

27 

238431.95 

0.0000493 

IB 

2 

16 

18 

1 

17 

239093.03 

0. 0007685- 

30 

2 

20 

31 

1 

31 

240905.00 

0.0000049 

12 

2 

10 

12 

1 

11 

242318.60 

0. 0C06839  - 

12 

0 

12 

11 

1 

11 

243453.70 

243^-53.57 

0.13 

C.  0006180- 

37 

31 

39 

6 

32 

244147. 00 

0.0000195 

8 

3 

5 

9 

2 

8 

244158.04 

244158.54 

-0.5C 

C.0C01CC6 

15 

4 

12 

16 

3 

13 

247761 .22 

247761.85 

-0.63 

0.0C01372 

20 

2 

18 

20 

1 

19 

243183.32 

240183. 14 

C.  IS 

0.0C07787 

7 

1 

7 

6 

0 

6 

249786.46 

0.  CC04537 

10 

2 

8 

10 

1 

9 

249961.90 

0. 00C6201- 

44 

8 

36 

45 

7 

39 

250731.11 

0. 0C00C  6 1 

44 

3 

41 

45 

2 

44 

252324.69 

0.0000012 

45 

4 

42 

44 

5 

39 

256885.65 

0.0000094 

22 

5 

17 

23 

4 

20 

259202.06 

0.0001141 

8 

2 

6 

8 

1 

7 

258716.10 

0.0005325- 

24 

2 

22 

23 

3 

21 

262958.07 

0.0C01877 

22 

2 

20 

22 

1 

21 

263692.36 

0. 0CC78  5 8 " 

29 

6 

24 

30 

5 

25 

263906.06 

0.0000642 

57 

4 

54 

56 

5 

51 

264325.31 

0.0000005 

7 

3 

5 

8 

2 

6 

264926.05 

0.0000997 

6 

2 

4 

6 

1 

5 

267266.54 

0.0004211 

57 

6 

52 

56 

7 

49 

268319.85 

O.OCOOCC9 

36 

7 

29 

37 

6 

32 

271092.80 

0.CCC0271 

18 

1 

17 

16 

0 

18 

273050.63 

0.0006176" 

4 

2 

2 

4 

1 

3 

2 74478.42 

0.0002866 

14 

4 

10 

15 

3 

13 

276923.78 

276923.62 

0.16 

0.0001653 

43 

8 

36 

44 

7 

37 

277042.33 

0.0000007 

51 

5 

47 

50 

6 

44 

279332.66 

C.000CC38 

48 

5 

43 

47 

6 

42 

279467.41 

0.0000069 

2 

2 

0 

2 

1 

1 

279405 .90 

279485.78 

0.12 

0.0001209- 
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Table  XXXII 


(Continued) 


Upp«r 

Lovar 

Obe. 

Calc. 

Oba . - 

Intanai ty 

state 

State 

Frequency 

rraq\jency 

Calc. 

296°K  c»-l 

J 

KC 

J 

Kc 

MHz 

Miz 

MHz 

Molac/a*2 

32 

3 

29 

31 

4 

23 

279893.46 

279893.03 

0.45 

0.0CCC892 

40 

4 

36 

39 

K 

35 

280994.06 

C.OOOC209 

47 

4 

44 

46 

5 

41 

281958.91 

0.0000075 

36 

6 

50 

55 

7 

49 

262129.63 

C.3CCC013 

21 

5 

17 

22 

4 

18 

282837.66 

282637.04 

0.62 

C.CC01411 

18 

1 

17 

17 

2 

16 

236C87.20 

286087.52 

-0.32 

0.0004445 

24 

2 

22 

24 

1 

23 

286156.50 

286156.31 

C.  19 

0.0007093- 

3 

2 

2 

3 

1 

3 

286294.20 

286294.71 

-0.51 

0. 0002 129 

9 

1 

9 

e 

0 

6 

283956.95 

288950.01 

-C  .06 

0*0007454 

55 

4 

52 

54 

e 

49 

2 89389.72 

28 

6 

22 

29 

5 

25 

2909^4.95 

3.CC3CS41 

5 

2 

4 

5 

1 

5 

293171*25 

293171.29 

o 

0 

1 

0.0003722 

6 

3 

3 

7 

2 

6 

293540.42 

0. 0000961 

35 

7 

29 

36 

6 

30 

297173.55 

0. 0000365 

32 

2 

30 

33 

1 

33 

298601.92 

C. 0000050 

49 

4 

46 

48 

5 

43 

296796* 19 

c.  :c::o5- 

13 

4 

10 

14 

3 

11 

3CC685 .60 

300685.24 

0.56 

0.0001=56 

14 

0 

14  _ 

13 

1 

13 

301812-48 

301812.76 

— 0*28 

0.-010742* 

7 

2 

6 

•7 

1 

7 

303163.20 

303164.05 

-1.60 

0.000515  7- 

53 

4 

50 

52 

5 

47 

3C3289.7S 

C.OOOOCO: 

42 

8 

34 

43 

7 

37 

303573.61 

0.0000121 

51 

4 

48 

80 

C 

45 

306222.56 

O.C0w.;35 

20 

5 

15 

21 

4 

18 

310062.72 

3 1C06  3 .36 

-0.64 

0.00-173* 

26 

2 

24 

26 

i 

25 

315874.4** 

315?7<.,54 

-;  .4? 

w. *0-727*' 

9 

2 

8 

9 

i 

9 

31632 T. 04 

0.0006555- 

27 

6 

22 

2e 

5 

23 

316681.45 

0.0001056 

5 

3 

3 

6 

2 

4 

317195.13 

0.0000811 

20 

1 

19 

20 

2 

20 

3 199  Sfc , 2 7 

0.000702''' 
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new  results  are  presented  here  as  Tables  XXXIII  and  XXXIV.  Table  XXXIII 
is  for  rotational  lines  of  C>3  in  the  (ground)  state  and  Table  XXXIV  is 
for  rotational  lines  of  0^  in  the  (ground)  state. 

A spacecraft  instrument  was  developed  for  the  measurement  of 

the  mm  characteristics  of  ozone  by  personnel  at  the  Ewin  Knight  Company!5 

They  chose  a line  at  101.7  GHz  for  radiometrically  measuring  the  emitted 

radiation  of  the  air  mass  beneath  the  spacecraft.  Reference  75  describes 

the  design  of  the  instrument  from  concept  phase,  laboratory  phase,  through 

a balloon-mounted  instrument,  and  to  a spacecraft  flight  instrument. 

78 

Canton,  Manneller  et  al.  define  the  ozone  absorption  coefficient  as: 


-A^/T 

a 

oz 


where 

Av  = 

For  the  101.7  GHz  transition, 

A]_  = 1-2  x 10-24km-1;  ^ = 13.1°K;  A3  = 101.7368  x 104.Hz 
A4  = 5.28  x 10?Hz  (°K1/2)  .mm"1,  A5  = 7.31  x 103(°K)"1/2 


These  constants  A^,  A A^,  A^  and  A^  are  from  GoraJ^  and  Townes  and 
Schawlow.  A comparison  of  measured  absorption  profile  data  taken  with 
use  of  the  instrument  described  in  Ref.  75  and  calculated  absorption 
profiles  based  on  the  above  equation  is  shown  in  Fig.  49. 
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Table  XXXIII.  Rotational  Lines  of  ^ i)^  in 

the  State  (Data  from  Ref.  74) 


love  r 

upper 

calc.  (MHa) 

Obs.  (MH*) 

J 

, K.l 

J 

K 

,1K*1 

1 

1 

1 

2 

0 

2 

43059.674 

43059.910 

4 

0 

4 

3 

I 

3 

105)8. 195 

10518.320 

6 

0 

6 

5 

1 

5 

66332.847 

66333.070 

7 

2 

8 

3 

1 

7 

56322.535 

56322.620 

10 

2 

9 

1 1 

1 

1 1 

60569.033 

60569. 120 

1 2 

2 

10 

13 

1 

13 

36254.753 

36254.790 

14 

2 

12 

1 5 

1 

15 

19215.805 

19215.910 

15 

3 

13 

) 6 

2 

14 

36281 .384 

3628  1 .440 

1 6 

2 

14 

17 

1 

17 

10272.456 

10272.310 

1 6 

3 

13 

17 

2 

16 

60127.209 

60127.340 

18 

3 

15 

19 

2 

18 

20308.969 

20309.340 

18 

2 

1 6 

17 

3 

15 

29143.551 

291*3.300 

18 

2 

1 6 

19 

1 

19 

9669.776 

9669.570 

22 

4 

18 

23 

3 

21 

77996.535 

77996.306 

29 

5 

25 

30 

4 

26 

69900.455 

69901 .401 

25 

2 

24 

24 

3 

21 

69297.245 

69296.890 

12 

1 

1 1 

1 t 

2 

! 0 

7161 1.790 

71411 .625 

23 

2 

22 

22 

3 

19 

45505.101 

45304.288 

29 

3 

27 

28 

4 

24 

60198.237 

40198.452 

30 

5 

25 

3 t 

4 

28 

34788.390 

54781.333 

23 

4 

20 

24 

3 

21 

23786.015 

23786.273 

24 

4 

20 

25 

3 

23 

29888.338 

29119.336 

Table  XXXIV.  Rotational  Lines  of  in  the 

V3  State  (Data  from  Ref.  74) 


l ov«  r upper 


J 

K 

-1K-1 

J 

K-1 

2 

1 

2 

3 

0 3 

5 

0 

5 

4 

1 4 

8 

2 

7 

9 

1 3 

1 1 

1 

10 

10 

2 9 

I I 

2 

9 

1 2 

1 1 2 

I 3 

2 

1 1 

14 

1 14 

14 

3 

12 

15 

2 13 

1 5 

2 

13 

16 

1 16 

1 7 

2 

15 

16 

3 14 

17 

2 

1 5 

18 

1 13 

17 

3 

14 

18 

2 17 

1 9 

2 

I 7 

20 

1 20 

1 9 

3 

1 6 

20 

2 19 

29 

5 

24 

30 

4 27 

23 

4 

19 

24 

3 22 

25 

3 

22 

24 

4 2! 

30 

3 

li 

29 

4 25 

30 

5 

2a 

3 1 

4 27 

calc.  (2HU) 

0k».  (MH  a) 

15644.591 

15664.570 

39099.335 

39099.200 

18673.215 

18673.010 

46687.931 

46688.170 

5937  1 .426 

5937 1.480 

45388 .259 

45388.270 

56314.345 

56313 .970 

40733.576 

40733.370 

10705.554 

10705.730 

45990.313 

45989.990 

45322.044 

45321 . 930 

61286.619 

61286.730 

12594. 171 

12593 .910 

71318.362 

71317.572 

51441 .035 

51441 .095 

28460.893 

28460.788 

70678 . 1 74 

70677 . 94  7 

21292.446 

2I292.IOO 
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fREOUENCY  MH i 


Fig.  49,  Measured  and  Predicted  Ozone  Absorption  Profiles 
Normalized  to  Equal  Amplitude  for  a Background 
Sun  Temperature  of  2500  °K  (Data  from  Ref.  75) 


100 


WCASUffED  TEMPCWATUftE  CMANftE  *K 


2.6 


Attenuation  and  Scattering  by  Atmospheric  Aerosols 

First,  let  us  consider  just  what  constitutes  an  aerosol. 

Depending  on  where  you  are  on  the  earth  (or  up  in  the  stratosphere)  an 
aerosol  could  mean  various  things. 

79 

Lendberg  and  Gillespie  at  White  Sands,  New  Mexico,  collected 
dust  samples  and  ran  them  through  a fractionated  dust  stage  to  sort  them 
out  for  sizes.  They  found  that  the  particle  composition  varies  as  a 
function  of  their  sieve  pore  size  that  allowed  these  dust  particles  to 
pass.  The  result  is  shown  in  Table  XXXV.  They  measured  the  imaginary 
index  of  refraction  of  these  dust  sample  stages  from  0.3  ym  to  1.7  ym 
and  showed  that  there  was  a vast  difference  in  this  quantity  with  dust 
size. 

The  major  reference  on  atmospheric  dust  and  aerosols  has  to 

80 

be  the  conference  proceedings  "Atmospheric  Aerosols;  Their  Optical 

Properties  and  Effects";  this  conference  was  held  at  Williamburg, 

80 

Virginia,  December  13-15,  1976.  K.  Bullrich  and  G.  Hanel  presented 
(Paper  MH1)  data  on  particle  size  distributions  for  different  types  of 
aerosols.  Their  distributions  are  shown  in  Fig.  50.  They  also 
showed  that  the  humidity  has  a definite  impact  on  the  optical  character- 
istics. The  mass  absorption  coefficient  k/p  vs  wavelength  (1.0  ym  to 
10.0  ym)  is  given  in  Fig.  51  for  3 levels  of  humidity.  One  would  expect 
that  the  humidity  will  also  affect  the  absorption  coefficient  of  aerosols 
at  longer  wavelengths . 

80 

H.  E.  Gerber  et  al.  in  paper  TUA6  , presented  a paper  on  "Laser 
Transmissions  through  a Concentrated  Aerosol."  They  used  a centrifuge- type 
device  to  concentrate  aerosols  to  simulate  a light  path  through  the  cell 
of  up  to  1 km.  They  measured  data  on  the  transmission  as  a function  of 
time  for  a concentrated  oil  aerosol  and  for  0.63,  1.06,  3.8  and  10.6  ym 
wavelength  radiation.  Their  results  are  given  in  Fig.  52. 

80 

E.  P.  Shettle  and  F.  E.  Voltz,  in  their  paper  MC14  "Optical 
Constants  for  a Meteoric  Dust  Aerosol  Model"  calculated  the  attenuation 
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Table  XXXV.  Optically-Signif icant  Components 

of  Size  Fractionated  Dust  Samplesa 
(Data  from  Ref.  79) 


Component 

Stage  number 

7 

6 

5 

4 

3 2 

1 

0 

Clay  minerals6 



X 

X 

X X 

X 

X 

Quartz 



X 

X 

X X 

X 

X 

Calcite 

— 

— 

X 

X .V 

X 

X 

Gypsum 

X 

X 



Ammonium  sulfate 

X 

X 



Carbonf 

X 

X 

— 

° The  X indicates  that  the  material  was  present;  the  symbol  — 
indicates  that  the  material  was  detectable  but  present  in  much  lower 
concentration. 

h Specifically  montmorillonite,  illite,  and  kaolin  group  clays. 

' Tlie  presence  of  carbon  was  estimated  by  other  means,  as  dis- 
cussed in  text. 
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RADIUS  (cm) 


Fig.  50.  Aerosol  Particle  Size  Distributions  as 
Measured  by  Bullrich  and  Hanel  (Ref.  80) 
for  Continental,  Sahara  Dust  and  Maritime 
Hazes 
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HR  VE  i £ N j Tri  (Na*.JM£TER)  -E2 


Fig.  51.  Mass  Absorption  Cross  Section,  k/p  , of 
Aerosols  at  Three  Different  Humidifies 
(Data  from  Ref.  80) 


Fig.  52.  Attenuation  of  Laser  Radiation  by  Oil 
Aerosols  as  a Function  of  Time  (Data 
from  Ref.  80) 
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coefficient  for  a set  of  samples  of  meteoric  dust  whose  reflectivity 
had  been  measured  in  the  spectral  region  2.5  to  40  pm.  A 9-oscillator 
model  was  fitted  to  these  measurements  using  a nonlinear  least  squares 
optimization  of  his  sets  of  equations,  which  were: 


Ka  , ln-1),2  ± £ 


2 2 

(n  + 1)  + k 


= reflectivity 


- kZ  = A + l 

3 (vt  - V") 


2 2 
2A.(vT  -v  ) 

..  J_J 

2 2.  2 


, 2 2 
+ Y . V 
3 


nk  = l 

3 


A.  Y.  V 
J 3 


, 2 2.2  2 2 
(v  - V ) + y*  v 
J J 


V.  = frequency  of  jth  oscillator 


A.  = oscillator  strength 


y_.  = damping  constant  or  band  width 

Results  of  their  calculation  of  the  aerosol  attenuation  coefficient 
are  show  in  Fig  53. 

James  W.  Fitzgerald  at  the  Optical  Submil limiter  Atmospheric 
81 

Propagation  Conference  presented  a paper  on  "Effect  of  Relative 
Humidity  on  Aerosol  Size  Distribution  and  Visibility-Modeling  Studies." 
Fitzgerald  derived  a relationship  between  the  relative  humidity  and 
the  equilibrium  size  of  an  aerosol  particle  that  had  an  insoluble 
core  with  a soluble  covering  in  the  form  of  a pure  salt.  The 
equilibrium  saturation  ratio,  S,  is  described  by 
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AEROSOL  ATTENUATION  COEFFICIENTS  (km 


WAVELENGTH  (microns) 


Fig.  53.  Scattering,  Absorption  and  Extinction 

Coefficients  vs  Wavelength  for  Meteoric 
Dust  Model  (Data  from  Ref.  80) 
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equilibrium  saturation  ratio  (%  relative  humidity 
divided  by  100) , 

equilibrium  radius  of  the  particle  (solution  droplet) 
radius  and  density  of  the  dry  particle, 

molecular  weight  of  water, 

molecular  weight  of  the  soluble  component, 

Van't  Hoff  factor, 

specific  gas  constant  of  water  vapor, 

mass  fraction  of  the  soluble  material  on  the  dry 
particle 

surface  tension  and  density  of  the  aqueous  salt 
solution . 


On  a cruise  off  the  coast  of  Nova  Scotia,  a sea-fog  aerosol  size  dis- 
tribution was  measured,  and  compared  with  calculations  obtained  from 
the  above  model.  Results  of  the  calculations  and  measurements  are  shown 
in  the  next  two  figures.  The  first,  Fig.  54,  is  for  10  km  downwind  of 
the  formation  edge  of  a fog,  and  the  second.  Fig.  55,  is  for  25  km  down- 
wind of  the  fog  formation  line.  These  are  models  that  should  prove 
useful  for  millimeter  wave  studies  on  sea-fog  aerosols. 

It  is  apparent  that  some  calculations  and  measurements  of 
radiation  scattering  by  aerosol  have  been  made  for  wavelengths  up  to 
30  pm  in  the  IR  region,  but  no  measured  data  were  found  in  the  .1  mm 
to  1 cm  region. 

Information  on  the  aerosol  index  of  refraction  needs  to  be 
generated  and  measurements  made  in  the  submillimeter  region.  Experi- 
mentally, the  Fourier  transform  spectrometer  could  be  used  to  determine 
the  complex  index  of  refraction  of  a number  of  different  types  of 
particles . 
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Fig,  54.  Comparison  of  Observed  and  Predicted  Droplet 
Size  Distributions  at  a Point  10  km  Downwind 
of  the  Forming  Edge  of  the  Fog  on  2 August  1975 
(Data  from  Ref.  81) 


Fig.  55.  Comparison  of  Observed  and  Predicted  Droplet 
Size  Distributions  at  a Point  25  km  Downwind 
of  the  Forming  Edge  of  the  Fog  of  4 August  1975 
(Data  from  Ref.  81) 
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Some  of  the  types  of  aerosol  particles  that  need  to  be  considered 
when  making  index  of  refraction  measurements  are: 


Soluble  Materials 

Non  Soluble  Materials 

«V2  S°4 

NH.  NO 

Clay  minerals  (montmorillonite,  illite, 
and  kaolin  group) 

4 2 

Quartz 

NaN03 

Calcite 

NH.  Cl 

4 

Gypsum 

Carbon 

CaCl2 

NaBr 

NaCl 

M9C12 

LiCl 

ZnCl2 

Basalt 

2.7 


Attenuation  and  Scattering  by  Battlefield  Dusts  and  Smokes 

The  literature  relating  to  the  attenuation  and  scattering  properties 
of  battlefield  dust  and  smokes  in  the  millimeter  and  submillimeter  wave 
region  in  very  sparse. 

82 

G.  Tinsley  and  T.  Cosden  measured  the  particle  size  distribution 
of  some  machine-gun  smoke.  The  particle  distributions  shown  in  Fig.  56 
are  one-minute  averages.  The  "1514"  time  is  before  the  smoke  reached  the 
particle  counter.  At  1518,  the  smoke  had  largely  passed.  They  calculated 
the  extinction  in  this  smoke  for  3.9  ym  radiation.  E.  W.  Stuebing,  F.  0. 
Verderame  et  al.,  in  paper  14  of  the  conference^,  presented  a talk  on  the 
"Nature  of  Gun  Smoke  and  Dust  Observation."  They  developed  the  data 
listed  in  Table  XXXVI  which  gives  the  products  of  nitro-cellulose  combustion 
from  a 30  mm  Rarden  cannon  round.  Stuebing  et  al.  also  modeled  an  obscuring 
smoke  cloud  which  they  assumed  was  due  to  a combination  of  gun  smoke  and 
the  dust  created  from  the  ground  by  the  muzzle  blast  of  the  cannon.  They 
calculated  the  optical  densities  at  0.5,  1.06  and  10.6  ym  wavelengths  that 
were  provided  by  the  smoke  produced  by  the  firing  of  a 30  mm  Rarden 
cannon  from  measured  transmission  vs  time  measurements  for  those  wave- 
lengths. The  optical  density  is  defined  by  the  equation  T = 0.1°  where 
T is  the  measured  transmission  and  D is  the  optical  density.  Figures  57 
and  58  show  the  measured  optical  density  vs  time  for  the  three  wavelengths 
used  in  the  measurements.  Also  shown  in  these  figures  are  the  optical 
densities  obtained  from  model  calculations.  The  transmission  through  the 
smoke  has  two  minima:  the  first  appears  to  result  from  the  smoke  produced 
by  the  products  of  nitrocellulose  combustion  (which  was  modeled  as  water) 
and  the  second  results  from  the  dust  created  from  the  ground.  The  comparison 
between  the  model  results  and  the  measured  densities  for  A.  = 0.53  ym  appears 
to  be  good.  Although  the  data  in  Figs.  57  and  58  are  for  wavelengths  in 
the  visible  and  near  infrared,  the  models  giving  the  "smoke"  particle  size 
distribution  vs  time  could  be  used  with  Mie  theory  to  determine  absorption, 
scattering  and  extinction  coefficients  for  millimeter  and  submillimeter 
wavelength  radiation. 
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Fig.  56.  Measured  Particle  Size  Distributions 
for  Machine-Gun  Smoke;  time  = 1515 
(Data  from  Ref.  82) 
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Table  XXXVI.  Products  of  Nitrocellulose  Combustion. 

(from  Data  in  Paper  14  of  Ref.  81) 


Major  Products 

CO,  ^2* *  ^2*  ^2^  (Water  Gas  Equilibrium) 

N2 

Major  Minor  Products 

ch4,  nh3 

Minor  Minor  Products 

C,  K20,  Sn02,  Na20,  BaO 

• (Pb,  Sb,  Si,  Zr,  Ca,  Al) 
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Fig. 


O ■ 10.6/un  Observed  Data 
+ ■ Water  Model  Result 


.3  r 


TIME  (sec) 

57.  Measured  and  Calculated  Optical  Density  vs  Time  After 
Firing  of  Cannon  (from  Ref.  81) 
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Fig.  58.  Measured  and  Calculated  Optical  Density  due  to 
Gun  Smoke  and  Dust  Model  (from  Ref.  81) 
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Alan  Downs  in  Ref.  44  has  reviewed  the  transmission  of  optical 
radiation  through  smoke  and  dust.  The  transmission  through  several  smokes 
for  visible  and  10.6  ym  wavelength  laser  light  as  a function  of  the  particle 
concentration  is  shown  in  Fig.  59.  Further  work  of  optical  transmission 
in  smokes  is  alluded  to  in  Downs'  report.  Downs  also  reported  data  on  trans- 
mission versus  time  for  visible  (.4  - .7pm),  near  IR  (.7  - 1.1  ym)  and  IR 
(3-5ym  and  8-14ym)  radiation  through  105  mm  HC  round  caused  smoke  cloud 
(presented  here  as  Fig.  60) , a 60  mm  WP  morter  caused  smoke  cloud  presented 
here  as  Fig.  61)  and  a fog  oil  smoke  cloud  (presented  here  as  Fig.  62).  The 
latter  fog  oil  cloud  was  produced  by  9-M-7  fog  oil  smoke  pots.  Downs  reported 
that  when  94  GHz  and  140  GHz  radar  beams  were  transmitted  through  each  of 

these  clouds,  the  resulting  signals  showed  no  attenuation.  Table  XXXVII 
lists  the  time  in  minutes  that  each  of  the  visible  and  IR  systems  could 
"see"  the  smoke  phenomena  that  were  described  in  the  previous  three  figures. 

Downs  also  presented  data  on  transmissions  through  a dust  cloud  that 
were  collected  at  Fort  Sill  during  smoke  tests.  The  transmission  through 
the  cloud  is  shown  here  in  Fig.  63.  The  reduction  in  transmission  during 
the  0-20  second  time  period  is  due  to  the  smoke  and  the  cause  for  the 
transmission  loss  in  the  123  second  - 200  second  time  period  is  due  to  dust. 

Downs  also  reported  on  another  dust  cloud  experiment.  The  results 
obtained  from  the  experiment  are  shown  in  Fig.  64.  Downs  reported  that 
there  was  no  apparent  attenuation  of  94  GHz  and  140  GHz  radar  by  the  dust. 
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Fig.  59.  Transmission  through  Several  Smokes  as  a Function 
of  Concentration  for  Visible  Light  and  10.6um 
Laser  Radiation  (Data  from  Ref.  44) 
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Fig.  60.  Optical  Transmission  through  an  HC  Smoke  Cloud  as  a Function  of  Time  After 
Impact  for  Indicated  Wavelength  Ranges  (Data  from  Ref.  44) 


Oi 

E 

•r-t 

6- 

✓ — X 

*4- 

<T 

c 

c 

M-t 

c 

cu 

•H 

os 

U 

C 

e 

c 

c 

u 

M— 1 

TO 

TO 

4-J 

03 

TO 

TO 

a 

' — ✓ 

TD 

TO 

03 

c 

0/ 

f— i 

OT- 

a 

TO 

TO 

a; 

Q£ 

c 

rC 

e 

4-i 

go 

OC 

TO 

(X 

0/ 

f— 1 

03 

TO 

> 

TO 

x: 

or 

TO 

-a 

C 

a ; 

X 

4-» 

x: 

TO 

U 

•r-i 

TO 

T3 

C 

TO 

•H 

H- < 

05 

05 

*H 

c 

E 

M-4 

05 

C 

4-J 

TO 

o 

u 

TO 

E-* 

a 

E 

i— i 

t— i 

TO 

U 

5-t 

*H 

CU 

4-i 

-Ul 

CL  M— l 

o 

< 

vC 

00 

*r— 1 

Cb 


i 18 


N0ISSIWSNYH1 


N0ISSIHSNVM1 


119 


Fig.  62.  Optical  Transmission  Through  a Fog  Oil  Smoke  Cloud  as  a Function 
of  Time  After  Ignition  for  Indicated  Wavelength  Ranges.  (Data 
from  Ref.  44) 


Table  XXXVII.  Time  in  Minutes  After  Production  of  Smoke  that  the 

Presence  of  the  Smoke  Could  be  Detected  by  Radiation 
in  the  Indicated  Wavelength  Ranges  (Data  from  Ref,  44) 
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Optical  Transmission  Through  a Dust  Cloud  as  a Function  of  Time  after  Round 
Impact  for  Indicated  Wavelength  Ranges  (Data  from  Ref.  44) 
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Optical  Transmission  Through  Dust  Cloud  as  a Function  of  Time  After  Cloud  Formation  for 
Indicated  Wavelength  Ranges  (Data  from  Ref.  44) 


III.  SUMMARY  OF  DOCUMENTS  SURVEYED  IN  THE 
LIMITED  DOCUMENT  LITERATURE 

Only  documents  that  were  felt  worthy  of  mention,  as  containing 
information  not  found  in  the  open  literature  will  be  discussed  here. 

The  technical  areas  will  be  along  the  same  format  as  was  in  the  unlimited 
version. 


3.1  Attenuation  and  Scattering  by  Rain  and  Hail 

Vogel  reports  in  Ref.  83  on  Mie  theory  calculations  for  spheres 
of  water  (rain)  and  ice  (hail)  at  frequencies  of  30,  100,  150  and  300  GHz. 
The  values  he  used  for  the  index  of  refraction  for  water  and  for  ice  are 
given  in  Table  XXXVIII.  He  points  out  that  frozen  rain  (hail)  scatters 
mo^e  radiation  than  does  liquid  rain  for  frequencies  above  150  GHz.  The 
Russians  concur  with  this  conclusion  in  their  articles  on  attenuation  by 
snow  (see  Ref.  /2) . Richard  and  Rammerer  also  points  out  that  mm  radia- 
tion scattering  by  ice  will  tend  to  be  more  peaked  in  the  forward  direction 
for  frequencies  above  100  GHz  than  that  computed  for  water  droplets.  The 
single  scattering  of  ice  was  found  to  be  critically  dependent  on  its  con- 
ductivity. A number  of  different  Mie  theory  calculations  of  the  phase 
function  for  scattering  are  given  in  Ref.  55.  Attenuations  due  to  rain- 
fall at  100  GHz  based  on  the  Mie  theory  calculations  were  compared  with 
measurements  taken  by  Setzer,  Asari  and  Medhurst  , and  were  found  to  be 
within  the  experimental  error. 

3.2  Attenuation  by  Water  Vapor 

Gamble  and  Hodgens  reported  on  a literature  survey  for  mm  waves 
of  wavelength  0.735  - 8.57  mm.  They  caution  about  dimer  effects  during 
heavy  fog  (relative  humidity  >95%)  or  rain  (RH  >80%).  Dimer  effects  are 
(H^O)  - (H^O)  interactions  that  tend  to  broaden  the  water  vapor  absorption 
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Table  XXXVIII.  Index  of  Refraction  of  Water  and  Ice 
(Data  from  Ref.  84) 


F requency 
— [GHz) 

State 

Index  of 

t 

Refraction 

30 

Water 

20°C 

5.0  - 2 . 0 j 

Ice 

^0 

1 

o 

o 

o 

r- 

100 

Water 

20°C 

3.  505-2. 007i 

Ice 

1 . 88  - 0.  0007bi 

150 

Water 
20°  C 

3.  0 39-  1 . 5 7 5 j 

i 

Ice 

1.88-  0. 00076i 

O 

o 

Water 

20°  C 

2 . 587- 0 . 9 37 i 

i 

Ice 

1 . 88  - 0. 00076i ! 

124 


85,86 


lines.  Dimer  effects  were  also  considered  by  Russian  authors 
Gamble  and  Hodgens  present  data  in  Ref.  84  on  the  in  band  attenuation  in 
dB/cm  vs.  visibility  for  a number  of  wavelengths  between  320  mm  to  8.57  mm 
and  for  atmospheric  temperatures  between  0°  and  30°C  in  5°  C steps.  A 
sample  of  their  data  is  given  here  as  Table  XXXIX.  Three  figures  of 
interest  from  Ref.  84  should  be  noted;  data  on  the  wavelength  dependence 
of  the  refractive  index  of  ice,  presented  here  as  Fig.  65;  data  giving 
the  volume  concentration  of  water  droplets  by  size,  presented  here  as 
Fig.  66,  and  the  attenuation  due  to  the  liquid  water  content  as  a function 
of  visibility  for  a number  of  wavelengths  between  320  jim  and  8.57  mm  and  a 
temperature  of  24°  C,  presented  here  as  Fig.  67.  Gamble  and  Hodgens  con- 
clude that  at  any  particular  wavelength  chosen  in  the  mm  band,  water  vapor 
absorption  will  be  the  driving  unknown  parameter,  and  will  be  a strong 
function  of  temperature  and  humidity.  He  feels  that  high  resolution 
measurements  need  to  be  made  to  back  up  the  actual  calculations  to  be 
certain  of  the  absolute  attenuation  at  a given  frequency. 

3.3  Refractive  Indices  for  Sea  Spray 

8 7 

Eric  Shettle  has  reported  on  measurements  of  sea  spray  for 
wavelengths  between  0.1  ym  and  40.0  ym  and  a relative  humidity  of  80%. 

His  data  are  presented  here  in  Fig.  68.  He  also  reported  measured  data 
on  the  refractive  indices  of  water,  sea  spray  aerosol  and  sea  salt  for 
wavelengths  in  the  visible  and  infrared  wavelength  regions.  There  is  a 
paucity  of  data  on  indices  of  refraction  in  the  mm  and  sub  mm  wavelength 
ranges . 
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Fig.  65.  Wavelength  Dependence  of  the  Real  and  Imaginary 
Parts  of  the  Index  of  Refraction  of  Water 
(From  Data  in  Ref.  84) 
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Fig.  66.  Volume  Concentration  of  Water  Droplets  by  Size 
(Counted  in  1-micron  Intervals  by  Drop  Radius.) 
(Data  from  Ref.  84) 
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VISIBILITY  (ml 


Fig.  67,  Atmospheric  Attenuation  Due  to  Liquid  Water  Content 
Versus  Visibility  at  a Temperature  of  24°C  and 
Wavelengths  Between  320  pm  and  8.57  mm 
(Data  from  Ref.  84) 
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REFRACTIVE  INDEX 


WAVELENGTH  (micro*.) 


Fig.  68.  Refractive  Index  of  the  Sea  Spray  Produced  Aerosol 
at  80%  Relative  Humidity.  Also  shown  are  the  Re- 
fractive Indices  of  Water  and  Sea  Salt. 

(Data  from  Ref.  87) 
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IV.  SUMMARY  OF  DOCUMENTS  SURVEYED  IN  THE  CLASSIFIED  LITERATURE 

A review  of  the  classified  literature  showed  that  all  the  physical 
properties  of  the  atmosphere  and  other  media,  e.g.,  rain,  aerosols,  snow, 
and  battlefield  conditions,  were  treated  in  the  unclassified  section.  The 
classified  documents  were  effectively  hardware  related  and  no  new  physical 
properties  of  the  atmosphere  were  discussed. 
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V.  RECOMMENDATIONS  FOR  FURTHER  RESEARCH 


Two  of  the  most  important  attenuators  of  mm  and  sub  mm  radiation 
in  the  atmosphere  are  water  vapor  and  oxygen.  For  the  case  of  water 
vapor  there  are  resonance  frequency  regions  at  approximately  1.3,  2.1, 

3.2  and  8.6  mm  where  absorption  is  abnormally  large.  Much  of  the  water 
vapor  attenuation  coefficient  data  currently  available  for  the  mm  and 
sub  mm  wavelength  range  were  measured  or  calculated  over  a decade  ago. 

It  appears  that  some  new  measurements  would  be  useful  for  checking  out 
the  accuracy  of  band  model  calculations.  The  measurements  need  to  con- 
sider the  effects  of  temperature  and  pressure  on  the  absorption  cross 

86  87 

section  of  water  vapor.  The  Russians  * have  pointed  out  the  impor- 
tance of  considering  dimer  effects,  where  attenuation  is  proportional 
to  the  square  of  the  humidity,  when  calculating  the  absorption  cross 
section  for  wavelengths  in  the  1.15  to  1.55  mm  band.  Most  investigators 
have  used  a Lorentz  line  profile  when  calculating  the  contribution  to 
the  absorption  cross  section  from  the  wings  of  each  line.  It  appears 
that  use  of  other  line  profiles,  such  as  the  Van  Vleck-Weiskopf  model, 
would  probably  produce  more  accurate  water  vapor  absorption  cross  section 
data  in  the  mm  and  sub  mm  wavelength  range  than  that  now  available.  The 
line  broadening  produced  by  (N^  - ^0)  5 anc*  ^2°  " H2^  c°l“ 

lisions  needs  further  investigation. 

The  absorption  by  oxygen  in  the  mm  and  sub  mm  wavelength  is 
usually  considered  to  be  fairly  well  known..  Even  so,  the  experimental 
and  theoretical  data  now  being  used  is  over  a decade  old  and  a comparison 
of  transmission  calculations  based  on  that  data  with  measurements  would 
be  useful. 

The  index  of  refraction  of  liquid  water  at  20°C  is  fairly  well 
known,  but  at  other  temperatures  it  is  not  well  known.  Thus,  the  trans- 
mission of  mm  and  sub  mm  radiation  through  clouds  and  fogs  containing 
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water  droplets  may  be  considered  to  be  well  known  at  20°  C but  only  at 
that  temperature.  A measurement  program  is  needed  to  determine  the 
temperature  dependent  parameters  needed  in  the  Debye  equation. 

There  are  a fair  number  of  measurements  of  the  attenuation  and 
scattering  coefficients  for  rain  at  frequencies  of  15,  20,  30,  35  and 
70  GHz,  much  fewer  at  frequencies  of  94,  140,  240  and  300  GHz  and  none 
at  frequencies  above  320  GHz.  The  need  to  consider  the  effects  of  non- 
sphericity of  rain  drops,  as  suggested  by  Oguiche  and  discussed  by 
69 

Wiley  , when  computing  scattering,  absorption  and  extinction  coeffi- 
cients and  phase  function  data  with  the  use  of  Mie  theory  should  be 
studied. 

Propagation  of  mm  and  sub  mm  radiation  through  snow  has  not 
received  much  attention.  At  frequencies  less  than  50  GHz  snow  is  not 
as  important  a scatterer  as  rain,  but  for  frequencies  greater  than 
150  GHz,  and  especially  for  wet  snow,  it  will  scatter  more  than  rain. 
Calculations  of  the  scattering  and  attenuation  characteristics  of  snow 
with  the  use  of  Mie  theory  needs  to  consider  the  fact  that  snow  flakes 
are  not  spheres.  A measurement  program  is  also  needed  to  obtain  more 
accurate  values  of  the  index  of  refraction  for  both  ice  and  snow  in  the 
mm  and  sub  mm  wavelength  range.  Measurements  of  the  index  of  refraction 
of  ice  and  snow  need  to  be  made  as  a function  of  temperature  and,  for  the 
case  of  snow,  as  a function  of  the  "wetness”  of  the  snow. 

Aerosol  effects  have  not  been  seriously  considered  for  mm  and 
sub  mm  wavelengths  since  for  normal  atmospheric  aerosol  size  distributions 
the  particle  size  is  small  enough  for  Rayleigh  scattering  theory  to  be 
applicable.  Aerosol  effects  for  battlefield  type  dust,  which  contains  a 
significant  fraction  of  large  particles,  needs  further  investigation. 
Studies  need  to  be  carried  out  on  the  scattering  and  absorption  by  large 
aerosol  particles  with  a core  of  one  material  and  an  outside  shell  of 
another  material.  The  index  of  refraction  of  aerosols  for  mm  and  sub  mm 
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wavelengths  needs  to  be  measured  so  as  to  provide  data  to  be  used  in  Mie 
theory  calculations. 

There  is  no  information  available  on  the  index  of  refraction  for 
battlefield  dusts,  battlefield  generated  smokes  and  exotic  gases  and  the 
aerosols  produced  by  vehicle  engines.  Although  some  information  on  com- 
bustion products  were  found  in  the  literature,  there  is  a need  for  a 
study  to  define  the  specific  combustion  products  emitted  by  the  engines 
of  battlefield  vehicles  and  to  determine  which  are  important  absorbers 
and  scatterers  of  mm  and  sub  mm  wavelength  radiation.  Of  great  impor- 
tance is  the  need  for  data  on  the  size  distributions  of  the  particles 
contained  in  battlefield  generated  dusts  and  smoke. 

Some  data  are  available  on  the  transmission  of  mm  and  sub  mm 
radiation  through  battlefield  generated  dust  and  smoke  (see  Section  2.7). 
More  effort  needs  to  be  expended  to  develop  better  models  of  the  time 
and  spatial  dependent  variation  of  battlefield  smoke  and  dust  particle 
size  distribution.  Since  the  particle  sizes  that  are  important  in  Mie 
theory  calculations  are  those  with  diameters  greater  than  0.06  times  the 
wavelength,  the  need  to  treat  these  large  particles  as  nonspherical 
particles  in  Mie  theory  should  be  investigated. 

The  exotic  gases  produced  under  battlefield  conditions  should 
be  identified  and  the  absorption  lines  for  these  gases  should  be  tabu- 
lated to  determine  which  of  the  gases  would  be  important  absorbers  for 
mm  and  sub  mm  wavelength  radiation. 
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APPENDIX  A - BIBLIOGRAPHY 

A bibliography  of  the  unclassified  unlimited  and  limited 
literature  on  the  interaction  phenomena  occurring  in  the  atmosphere 
for  millemeter  and  submillemeter  radiation  is  given  in  the  Appendix. 


To  aid  the  user  of  this  bibliography,  a 7-digit  identifier  or 
index  number,  on  the  same  theme  as  the  Dewey  Decimal  classification  or 
key-word  description,  is  given  to  each  bibliographical  entry.  This 
7-digit  index  number  has  the  following  form: 

The  first  digit  of  the  identifier  number,  which  is  used  to 
identify  the  materials  discussed  in  the  biographical  entry,  is  assigned 
numbers  as  follows: 

1)  Water  vapor 

2)  Rain  and  aqueous  water 

3)  Snow 

4)  Clouds  and  Fog 

5)  Air 

6)  Oxygen,  0 

7)  Ozone 

8)  Nitrogen  and  its  compounds  (include  Organic  Compounds) 

9)  Exotic  gases  and  Hydrocarbons 

A)  Smoke  and  Aerosols  ‘ 

B)  Dust  and  Solid  material 

C)  Hardware  Discussions 

D)  Plasmas 

The  material  identifiers  listed  above  were  selected  to  satisfy  the 
terms  of  the  work  statement  of  the  contract;  additional  identifiers  are 
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provided  because  of  titles,  specifically  on  these  topics  that  had  been 
reviewed  and  were  considered  useful  peripheral  information  in  mm  wave 
technology.  If  an  article  discusses  more  than  one  material,  and  one 
of  the  materials  discussed  is  one  of  those  called  out  in  the  contract, 
then  the  article  is  listed  under  the  material  category  called  out  in 
the  contract.  To  identify  the  mm  wave  spectral  region.,  the  second 
digit  of  this  7 "digit"  identifier  is  used  in  the  following  fashion: 

1)  10-30  GHz  (3.33  cm  - 1 cm) 

2)  30-100  GHz  (1  cm  - 3.33  mm) 

3)  100-300  GHz  (3.33  mm  - 1 mm) 

4)  300-1000  GHz  (1mm  - 333  ym) 

5)  1000  GHZ  - 3000  GHz  (333  ym  - 100  ym) 

6)  Greater  than  3000  GHz  (wavelength  less  than  100  ym) 

. ....  i t 

For  the  third  digit  of  the  index  number  identifier,  one 
of  the  following  numbers  for  unclassified,  unlimited  distribution  docu- 
ments is  used: 

1)  Experimental 

2)  Theory 

3)  Combination  of  Experimental  and  Theory 

For  limited  distribution,  unclassified  documents,  one  of  the 
following  numbers  for  the  third  digit  is  used: 

4)  Experimental 

5)  Theory 

6)  Combination  of  Theory  and  Experimental 

For  confidential  documents,  the  third  digit  was  assigned  as 
follows  (to  include  the  classification) : 

7)  Experimental 

8)  Theory 
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9)  Combination  of  Theory  and  Experimental 

For  sedret  classified  documents , the  third  digit  is  assigned  as  follows 

A)  Experimental 

B)  Theory 

C)  Combination  of  Theory  and  Experiment 

To  identify  the  specific  technical  area  described  in  the  biblio 
graphical  entry,  such  as  transmission,  reflection,  etc.,  the  fourth 
"digit"  is  used  in  the  following  way: 

1)  Transmission 

2)  Reflection 

3)  Cross  Section 

4)  Backscatter 

5)  Dielectric 

6)  Index  of  Refraction 

7)  Emission 

The  fifth  digit  of  the  identifier  number,  which  describes  the 
project  area  described  in  the  bibliographical  entry,  is  assigned  as 
follows : 

1)  Radar 

2)  Astronomy 

3)  Radiometry 

4)  Fourier  Transform  Spectrometer 

5)  Spectrometer  and  Michelson  Interferometer 

6)  Remote  Sensing 
7 ) Commun icat. ions 

8)  General  Use 

9)  Obscurant 

A)  Laser  and  Maser 

B)  Missile  Seeker 
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The  sixth  digit  of  the  identifier  number  is  used  to  indicate 
the  number  of  articles  in  the  bibliography  on  each  title  or  technical 
area  (1-9,  A-Z) . A computer  code  can  be  written  to  search  on  a file 
(tape  or  disc)  where,  with  respect  to  an  80  column  card,  the  first  7 
columns  would  contain  the  7 "digit"  number.  The  last  digit  of  the  index 
number  (the  seventh)  is  used  to  designate  the  number  of  80  column  cards 
space  in  the  file  required  to  contain  the  subfile. 


A.l  Illustration  of  Indexing/Identifier  Technique 

Let  us  pick  a number  and  see  how  it  refers  to  the  indexing 
system  discussed  above  (Along  with  discussion  on  what  is  on  a file) : 


C 2 1 2 1 7 8 


Author's  name*title  of  article*contract  number 
or  where  published  (if  not  a government  document)* 
(Example-Applied  Optics,  Vol.  10,  No.  4,  738-748) 

Date  of  Publication*  and  Government  Publication 
Number  such  as  AD-number* 

Short  Summary  of  article* (author ' s abstract  used 
if  it  contains  enough  succinct  information) . The 
above  information  is  packed  to  fit  in  as  small  a 
space  as  possible. 

=8  - 80  column  card  space  used 

-7  th  article  of  this  type 

.-Article  is  on  Radar 

Backscatter 

Experimental  Method,  Unclassified 
30  - 100  GHZ  frequency  range 
Hardware  Discussion 


To  allow  a computer  to  access  the  contents  of  the  index  card  file  on  a 
disc  or  a tape,  the  information  given  after  the  7 digit  identifier  must 
be  spaced  by  a computer  recognizable  identifier,  e.g.,  an  asterisk.  The 
end  of  the  abstract  will  end  uniformly  by  a double  asterisk  for  an  end 
of  file  identifier  for  each  article  file. 
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A. 2 UNCLASSIFIED  BIBLIOGRAPHY 


t»5178lC*WALKER#  R.E.:  AND  HOCHHEIMFR.  B.Z.*  INVERSION-ROTATION 
EMISSION  SPECTRUM  OF  T HFRM A L L Y -E XC I TE D NH3  IN  THF  60-200  CM-l 
RFGI ON • ^JOURNAL  OF  MOLECULAR  SPECTROSCOPY  34  - 5 0 0 -5 15 . * 1 9 7 0 * 

NO  A . # T H E INVERSION-ROTATION  EMISSION  SPECTRUM  OF  THERMALLY 
EXCITED  NH 3 IN  THE  60-  200  CM-l  REGION  HAS  BEEN  MEASURED 
USING  INTERFERENCE  SPECTROSCOPY. INVERSION-ROTATION-FREQUENCY 
ASSIGNMENT. ASSOCIATED  WITH  THE  V2.V4  AND  2V2  LOW  LYING 
VIBRATIONAL  LEVELS, ARE  BASED  EXTENSIVELY  ON  NEW  I.R.  ABSORP- 
TION MEASUREMENTS. REFINEMENTS  ARE  MADE  IN  THE  INVERSION- 
ROTATION  MOLECULAR  CONSTANTS  FOR  THE  V2  VIBRATIONAL  LEVEL- 
AND  THE  2V2  INVERSION-ROTATION  EMISSION  SPECTRA  IS 
EXTENDED.*# 

9217  61 D»SA I TO » SHUJI  .* MICROWAVE  SPECTRUM  OF  SULFUR  DIOXIDE  IN 

doubly  Excited  vibrational  state  and  determination  of  the 

V CONSTANTS. ^JOURNAL  OF  MOLECULAR  SPECTROSCOPY  30,1-16.# 

1 9 6 9 * N 0 # . #T  HE  ROTATIONAL  SPECTRA  OF  THE  SULFUR  DIOXIDE 
MOLECULE  IN  THE  EXCITED  STATES  OF  OVERTONES  AND  COMBINATION 
TONES- 2Vl.3V2.2V3. V1+V2.V2+V3, AND  V1+V3  WERE  OBSER VE D . FR OM 
THE  ROTATIONAL  CONSTANTS  OF  EACH  STATE-  _THE  SECONDARY  ORDER 
CHANGES  OF  THE  ROTATIONAL  CONSTANTS  BY  VIBRATIONS  _.V11,V33. 
V12.V2i.AND  V13-AND  THE  THIRD  ORDER  CHANGE  BY  V2  VIBRATION. 

£2 22  WERE  DETERMINED. THE  DETERMINATION  OF  ALL  THE  VSS’ 
CONSTANTS  CONFIRMED  THAT  THE  EXPANSION  OF  THE  ROTATIONAL 
CONSTANTS  IN  TERMS  OF  THE  VIBRATIONAL  QUANTUM  NUMBERS 
CONVERGES  RATHER  RAPIDLY  FOR  S02.*# 

1411817*FLEM ING.  J.W.AND  GIBSON.  M . J . * F A R - INFRARED  ABSORPTION 
SPECTRA  OF  WATER  VAPOR  H2<16)0  AND  INSOTOPIC  MODIFICATIONS.* 
JOURNAL  OF  MOLFCULAR  SPECTROSCOPY  62 , 3 26 -3  37  . « 1976  *N  0 #.* 

FAR  IR.  ABSORPTION  OF  H2(16)0.  Hl(l8)0,  H2(160D.  D2(16)0, 
02(18)0  HAVE  BEEN  OBSERVED  BETWEEN  10  AND  40  CM-l  OF  A 
RESOLUTION  OF  0.07  CM-l.  EXPERIMENTAL  AND  CALCULATED  LINE 
POSITIONS  AGREE  WITHIN  THE  ACCURACY  OF  THE  EXPERIMENTS.#* 

851151F*BIRD , G . R . ; HUNT . G.R.JGEBBIE.  H . A . ; A ND  STONE.  N.W.B.* 

THE  FAR-INFRARED  PURE  ROTATIONAL  SPECTRUM  OF  NITROGEN 

DIOX IDE(N02) .# JOURNAL  OF  MOLECULAR  SPECTROSCOPY  33-244-273.* 

1 9 7 0 * N 0 # , *T  HE  PURE  ROTATIONAL  SPECTRA  OF  NITROGEN  DIOXIDE 
WAS  MEASURED  I NT ER FE RO MA T I CA LL Y (WITH  A MICHELSON  INTER- 
FEROMETER) FROM  45-1  04  CM-l . ( . 22MM-.  096MM)  ,W  ITH  A RESOLU- 
TION OF  BETTER  THAN  .1  CM- 1 . M A GNF T I C SPLITTING  OBSERVED  ON 
THE  SPECTRUM  AND  ACCOUNTING  FOR  THIS  WAS  CRUCIAL  TO  THE 
ANALYSIS.  THE  SPECTRUM  WAS  ANALYZFD  IN  TERMS  OF  MOMENTS  OF 
INERTIA,  MAGNETIC  FINE  STRUCTURE , AND  CENTR  IFUGSlAL  DISTORTION. 
THE  VALUES  OF  THE  NECESSARY  PARAMETER  DETERMINED  IN  THE 
COMPLETE  MICROWAVE  ANALYSIS  OF  N02  WERE  USED  TO  COMPUTE  A 
SPECTRUM  IN  EXCELLENT  AGREEMENT  WITH  THE  OBSERVED  SPECTRUM. 
DETAILS  OF  THE  CALCULATIONS  AND  VALUES  OF  THE  PARAMETER 
INVOLVED  ARE  PROVIDED.** 

B215418*8REEDER>  K.H.AND  SHEPPARD-  A.P,#MM  AMD  SUB  MM  DIC!ECTRIC 
MEASUREMENTS  WITH  AN  INTERFACE  SPEC TROME TER . #NO  N A ME . # CON T R A CT 
NONR -991  ( 13  ) #17  NOV  . 1 9 66»A  DM  4523  * AN  INTERFERENCE  TECHNIQUE 
USING  A MICH.  l.SON  INTERFEROMETER  IS  USED  TO  MPASURE'THE 
DIELECTRIC  CONSTANT  AMD  LOSS  TANGENT  OF  4 MATERTAIS  ) (PYREX, 
TFFLON.REXOLITE.AND  POLYSTYRENE)  AT  FREQUENCIES  FROM  71-1000 
GHZ.  _THP  EXPERIMENTAL  SET  UP  IS  nESr’RIBED,AND  THE  DATA  FOR 
THE  4 DIELECTRICS  GIVEN.## 
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212171F*IPP0LIT0»  JR.,  LOUIS  JOSEPH*SC AT  TER  I NG  IN  DISCRETE  RAN- 
yUH  IMPLICATIONS  to  PROPAGATION  THROUGH  RAIN.* 

NO  #*MAY  1977*N77-27273*THIS  IS  A PHD  DIS- 

SERTATION  ON  THE  ABOVE  TOPIC.  THE  ELECTOMAGNET I C SCATTERING 

SOLVED  VIA  the  POLDY  TRANSFORMATION  IN  THE 
£ I RST  CHAPTERS , I TS  DEFICIENCIES  ARE  NOTED . MULTI PLE  SCATTERING 
IS  THEN  DISCUSSED  VIA  GREENS  FUNCT I ONS . SOME  RESULTS  ARE  THAT 
THE  FOLDY  APPROXIMATION  REPRESENTS  THE  COHERENT  INTENSITY 
OF  THE  SCATTERED  WAVE'BUT  NOT  THE  INCOHERENT  INTENSITY  TERM. 

T0  JHE  mfan  HELD  is  then  found  to 
5E_a_useful_technique  in  the  representation  of  the  mean  field 


^TENSITY  BY  CONSIDERING  THE  VOLUME  SLAB 
A CONTINUOS  RANDOM  MEDIA  WITH  A 
CONSTANT'BUt  DOES  NOT  represent 


OF 

_N 

THE 


and  coherent  i 

DISCRETE  SCATE 

EFFECTIVE  PROPAGATION 
~ TOTAL  INTENSITY.** 

B51l241B*PARKER,  T . J . ; LEDSHORN , D . A . ; AND  CHAMBERS,  W.G.»UISPER- 
SIVE  REFLECTION  SPECTROSCOPY  IN  THE  FAR- INFRARED .* I NFRARED 
PHYSICS  V0L.16a293-297.*1976*N0  U . * TECHN I QUES  ARE  DESCRIBED 
FOR  MAKING  DISPERSIVE  REFLECTION  MEASUREMENTS  ON  SOLIDS 
BETWEEN  5 AND  500  CM-1  AND  AT  TEMPERATURE  ABOVE  77K  USING 
FOURIER  SPECTROMETERS  WITH  DIELECTRIC  OR  WIREGRID  DIVIDERS 
AND  USED  IN  THE  ASYMMETRIC  MODE.  I NTERFEROGRAMS  CAN  BE  RECOR- 
DED WITH  A POSITIONAL  ACCURACY  OF  0.1  UM, INDEPENDENT  OF  THE 
SPECIMEN  TEMPERATURE. PERFORMANCE  OF  THE  INSTRUMENTS  IS 
ILLUSTRATED  WITH  AMPLITUDE  REFLECTION  MEASUREMENTS  ON 
CRYSTALS  OF  NACL  AND  CSI  AT  ROOM  TEMPERATURE.** 


B51651C*H0NI  JK  , D • D PASSCH  IER  , W.T.;MANDEL»  M.JAND  ASFAR,  M.N 
THE  DETERMINATION  OF  COMPLEX  REFRACTIVE  INDEX  SPECTRA  OF 
LIQUIDS  IN  THE  FAR-INFRARED  SPECTRAL  REGION  5-500  CM-1, 

WITH  DISPERSIVE  FOURIER  TRANSFORM  SPECTROMETRY .* INFRARED 
PHYSICS  VOL. 16, 257-262. *1976*N0  #.*THE  COMPLEX  REFRACTIVE 
INDEX  SPECTRUM  OF  TRANSPARENT  AS  WELL  AS  VERY  ABSORBING 
LIQUIDS  IS  DETERMINED  IN  THE  FAR-INFRARED  SPECTRAL  REGION 
5-500  CM-l  FROM  DISPERSIVE  I NTERFEROGRAMS  OBTAINED  WITH  A 
VARIABLE  THICKNESS  VARIABLE  TEMPERATURE  CELL  CONTAINING  THE 
LIQUID  SPECIMEN. THE  COMPLEX  REFRACTIVE  INDEX  OF  THE  WINDOW 
MATERIAL  ( S I L I CON , QU AR TZ , _ CRYSTAL)  IS  DETERMINED  WITH  THE 
SAME  SETUP  FROM  AN  EMPTY  CELL  I N Tp RF ER OGR A M . * * 
B42581F*B0RDEWIJK,  P . * COMP AR I SON  BETWEEN  MACROSCOPIC  AND  MOLE- 
CULAR RELAXATION  BEHAVIOUR  FOR  POLAR  D I ELECTR I CS . *A DR  I AN . 
MOLECULAR  RELAXATION  PROCESSES  5 , 285-3 00  . * 19 73*N0  A.* 
MICROSCOPIC  AND  MACROSCOPIC  RELAXATION  SPECTRA  WERE  COMPARED 
STARTING  FROM  THE  DEPENDENCE  OF  THE  MOLECULAR  CORRELATION 
FUNCTION  ON  THE  DIELECTRIC  PERMITTIVITY  DERIVED  BY  KLUG  ET  AL 
IT  APPEARS  THAT  A CORRESPONDING  MICROSCOPIC  DISTRIBUTION 
FUNCTION  DOES  NOT  EXIST  FOR  EVERY  MACROSCOPIC  DISTRIBUTION 
TIMES*  WHERE  AS  EVERY  MACROSCOPIC  DISTRIBUTION 
CORRESPOND  TO  A MICROSCOPIC  DISTRIBUTION 
A NUMBER  OF  CASES  WHERE  THE  PERM  I T I V I T Y IS 
ISED  FUNCTION  OF  THE  FREQUENCY,  MICROSCOPIC 
:CTR A ARE  CALCULATED . THE  RESULTING  MICROSCOPIC 
OF  RELAXATION  TIMES  A RE  BROADER  THAN  THE  COR 


OF  RELAXATION 
FUNCTION  DOES 
FUNCTION.  FOR 
GIVEN  AS  A CL( 
RELAXATION  SP( 
DISTRIBUTION 


RESPONDING  MACROSCOPIC  ONE.* 
C31641E*AF  SAR  » M . N . ; HASTED , J.B 
N I QUES  FOR  DISPERSIVE  FOURIER 


;AND  CHAMBERLAIN,  J.*  _NEW  TECH- 
TRANSFORM  SPECTROMETRY  OF 
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LI  QUIDS.  •»  INFRARED  PHYSICS  V0L. 16,301-310. *1976#N0  #.#DISPER- 
SIVE  FOURIER  TRANSFORM  SPECTROSCOPY  (DFTS)  TECHNIQUES  ARE 
DESCRIBED  FOR  MFASURlNG  THE  OPTICAL  CONSTANTS  OF  LIQUIDS.  FREE 
STANDING  WIRE  GRID  POLARIZING  AND  MELlNEX  BEAM  SPLITTERS  ARE 
USED  TO  COVER  A WIDE  FREQUENCY  RANGE  AND  LINK  LOW  AND  HIGH 
FREQUENCY  F.T.S  DATA  WITH  MICROWAVE  AND  MID  I R . D A T A RESPEC- 
TIVELY. BOTH  POWFR  ABSORPTION  COEFFICIENT  S AND  REFRACTIVE 
INDEX-N  ARE  COMPUTED  AS  CONTINUOUS  FUNCTIONS  FROM  THE  SAME 
DISPFRSIVE  MEASUREMENTS  AND  GOOD  AGREEMENT  HAS  BEEN  ACHIEVED 
WITH  THE  POWER  ABSORPTION  COEFFICIENT  SPECTRUM  OBTAINED  USING 
CONVENTIONAL  F.T.S. DATA  IS  PRESENTED  FOR  WATER , AL I PH  AT  I C 
ALCOHOLS,  HALOBENZFNES  AND  HALOGEN-SUBSTITUTED  METHANES.#'-* 
B2l5417*BREEDEN,  K.H.;  AND  SHEPPARD,  A.P.#MM  AND  SUB  MM  DIELECTRIC 
MEASUREMENTS  WITH  AN  I N TE RF ER EN CE  S PE CT RO ME TE R* NO  NR -9 91 ( 1 3 ) * 

1.7  N OV  1 96  6#  AD  644  523#AN  INTERFERENCE  TECHNIQUE  UTILIZING 
A MICHELSON  INTERFEROMETER  To  MEASURE  THE  DIELECTRIC 
CONSTANT  AND  LOSS  TANGENT  OF  4 MATERIALS  (PYREX,  TEFLON,  ROXOLITE 
AND  POLYSTYRENE)  AT  FREQUENCIES  rR OM  71-1000  GHZ,  THE  EXPERIMENTAL 
SET  UP  IS  DESCRIBED,  AND  DATA  FOR  THE  4 DIELECTRICS  GIVEN.## 
B51241B# PARKER  , T.J.;  LEDSHORN,  D-A.I  CHAMBERS,  W ■ G . #D I S PE RS I R I E 
REFLECTION  SPECTROSCOPY  IN  THF  FAR  INFRARED# INFRARED  PHYSICS, 

VOL.  1.6,  293-297  , #1976#N0  ^TECHNIQUES  ARE  DESCRIBED  FOR  MAKING 
DISPERSIVE  REFLECTION  MEASUREMENTS  ON  SOLIDS  BETWEEN  5 AND  500 
CM -1  AND  AT  TEMPERATURES  ABOVE  77  DEGREES  KELVIN  USING  FOURIER 

Spectrometers  with  dielectric  or  wIregrid  dividers  and  used 

IN  THE  ASYMMETRIC  MODE.  I NTERFEROGR AMS  CAN  BE  RECORDED  WITH  A 
POSITIONAL  ACCURACY  OF  0.1  UM,  INDEPENDENT  OF  THE  SPEClMENTS 
TEMPER  AT  ijRf  • PERFORMANCE  0'  THE  INSTRUMENTS  IS  ILLUSTRATED  WITH 
AMPLITUDE  REFLECTION  MEASUREMENTS  on  CRYSTALS  of  nacl  and 


cs i at.  room  temperature.## 

131171 7#BEAN,  B.L.  AND  PERKOWITZ, 
MEASUREMENTS  '■ 


THE 

A QUARTZ  WINDOWED 
96.5  UM,  263  UM, 


....  ..I,  S.#FAR  INFRARED  TRANSMISSION 

with  AN  OPTICALLY  PUMPED  FIR  L ASER#  APPL  I F.  D OPTICS 
VOL.  15,  NO.  11,  281 7-?818#N0V  . 1976*USING  A C02  PUMPED  FOR 
IR  MEATHERED  LASER  AS  A "TUNEABLE"  OPTICAL  SOURCE, 

ABSORPTION  COEFFICIENT  OF  AQUEOUS  WATER  IN 

CELL  was  measured  AT  4 Far  ir  wavelengths  - 

232.9  UM,  AND  570.5  UM.## 

B12541H#B0RDEWI JK,  P.  AND  VAN  GEMERT  »..M.J,C.#THE  ANGLES  OF 

INTERSECTION  IN  THE  COLE-COLE  PLOT  IN  RELATION  TO  the  ASYMPTOTIC 
BEHAVIOUR  OF  THE  DISTRIBUTION  FUNCTION  OF  RELAXATION  TIME  AND 
OF  OTHER  FUNCTIONS  CHARACTERIZING  DYNAMIC  DIELECTRIC  BEHAVIOR 
* ADV  AN . MOL.  RELAXATION  PROCESSES.  4,  139-157*1972* I N THIS 
PAPER  IT  IS  DEMONSTRATED  TO  BE  POSSIBLE  TO  OBTAIN  INFORMATION 
CONCERNING  THE  ASYMPTOTIC  BEHAVIOR  OF  THE  DISTRIBUTION  FUNCTION 
OF  RELAXATION  TIMES  STARTING  ONLY  FROM  THE  ANGLES  OF  INTER- 
SECTION OF  THE  COLE-COLE  PLOT  WITH  THE  E*  AXIS,  WITHOUT  AN 
EMPIRICAL  FORMULA  WHICH  COVERS  THE  EXPERIMENTAL  RESULT  OVER 
THE  WHOLE  FREQUENCY  RANGE.  SIMILARLY,  THE  INFORMATION  CON- 
CERNING THE  ASYMPTOTIC  BEHAVIOR  OF  THE  MEMORY  FUNCTION,  THE 
AFTER-EFFECT  FUNCTION,  THE  CORRELATION  FUNCTION,  AND 
THE  DISRIBUTION  OF  MOLECULAR  REL A X A T I ONT I MES  APPEARS  TO  Bf 
OBTAINABLE.  THE  RELATIONSHIP  DERIVED  IN  THIS  WAY  ARE  USEf 
IF  ONLY  THE  LOW  FREQUENCY  OR  THE  HIGH  FREQUENCY  SIDE  OF  THE 
DIELECTRIC  DISPERSION  CAN  BE  MEASURED.## 

111174G#HENRY , P . #ME ASUREMENTS  AND  FREQUENCY  EXTRAPOLATION  OF 
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microwave  attenuation  statistics  on  the  earth-space  path  AT 

271-27  4*  MARCH?  197?JthE  PROGRAM^O^S^THeIrA  WFOR^H  I R°PAGAT  1 °N" 

sun  trackerfor  measure menJ  of  atjenuation  on  the  earth-spaced 


PATH  AT  1_ 
STATISTICS  - 
discussion  of 
extrapolation 


14.  AND  30 
FOR  A YEAR 
L 1 KEl 
PROCl 


GHZ  IS  DESCRIBI 

OF  literature 


:d  . cumulative 


91 


V sources-of  error?^Sresults*areI!  "‘/the 

RENTS  Artu8'>BEQUiNCIES0*REnuSED“TORPRED{cTEATT6NU»TIONSATE* 

EXCEPTYATLVERYSHlfGH  In^UAlfS^E  VELs”  ‘ IV  g!!!8^|TA?NS  , „ , TS 
irrMS^Tc^cTiMATce^n^  of  the  sun  tracker  (radiometer)  more 

ACCURATE  ESTIMATES  OF  FADING  STATISTICS  FOR  p*  a nc  c sTnriR  at 

B?RiW  MA”6  BY  LONG0  4T 

2541B«CHAmBERL A I N . j,;  AFsAR,  M.N  ; DAVIER.  G J • MARTPn 

|AT01lfnst?CFP  TRiwcI^TTnMlQUnKNCY  dielectric  p ro ce ss ESS I N° 

tIchnFoue1EEvoR  no  AND 


J.B 


IN  DISP 
THE  COM 


1028-1032* DEC . 1974* 


— 12 * 

TRANSFORM  SPECTROMETRY 

5LEX  .REFRACTIVE  INDICES. OF  LOSSY 


RECENT  ADVANCES 
ARE  DESCRIBED. 

MATERIALS  APE  NOW  DIRECTLY  MEASURABLE  OVER  A W I DF  SPECfRAi 
tAdGE  pnMcHD§£mEy2S  FR0M  MICROWAVE  WAVELENGTHS  TO  THEME^1 
Iwn* imtcoddctatiIm  FOR  ETH|NOL  AND  BUTENOL  ARE  PRESENTED 

bonding  IS  offered. 2*  THE  SPECTRA  in  terms  or  hydrogen 

i infiin  ?n»y^r,#^^^TRIC  RELAXATION  AND  HYDROGFN  30NDING 
IN  L I QU I D«ADVANCES  IN  MOLECULAR  RELAXATION  PROCFRRER  5°  aq-qo* 

article!  dielectric  absorpt  on  measurements  are 

SYSTEMS0  BFlJsrOOLTHJNr,T!lR?KPYne£vr?52S6N  ?P»'N=  >N  LIOUID 
5 1 , f * fe J? r A FiRbTi  THE  CLASSICAL  DEBYE  THEORY  IS  G I V F N . THFM 

THEN  HYDrS^N  I8KiiI?5L8A?INtTiS'?lRig,iiE8|RAy|?L,RiF  ^COHOLS’ 
IEEE  TRANSACTIONS  ON  ANTENNAS  AND 


JONES,  H.B.: 
IN  THE  10  TO 
PROPAGATION, 


AND  SMITH,  D.» 

40  GHZ  BAND* 

I^r??,7m^^Dl?Z?r?I^LTApOUS:MEASUREMENTSVOF  PhASE*!^3’  N°'  * 
Iiy^E«yARI AB  1 k 1 T Y WERE  made  ON  a 64  KM  SLANT  PATH  USING 
5 R A D 1 0 FREQUENC I ES i 9.35#  14, 4#  ?2.?>  25,4,  AND  33  3 GH7  THF 

3 RIDDLE rtERE°UENC IES  WERE  CLOSEN  FOR  THEIR  RELATION  TO  * E 
WATER  VAPOR  ABSORPTION.  THE  AMPLITUDE  DATA  SHOW  OCCASIONAL 
fADES  IN  EXCESS  OF  20  DB  SUPERIMPOSED  ON  SMALL  OR  SrlNTII  - 

cumIi°crrcnTiEXMRrLPB  * NEITHER  PHASE  NOR  AMPLITUDF  VARIABILITY 
SH°W  EFFECTS  ON  THE  MOLECULAR  RESONANCE  OF  WATER  VAPOR  AT 
dd  % d Gnt  , 

2l?i?^.*i?$lrSHI5§H;  JULIUS*PREDICTION  METHODS  FOR  RAIN 

ATTENUATION  STATISTICS  AT  VARIABLE  PAtH  ANGLES  AND  PARRTFR 

ANn°PRnP4rAT!DMEEvni13  tBD^°°MGHZ.IEEE  TRANSACTIONS  ON  ANTENNAS 
AND  PROPAGATION#  VOL.  AP-23>  NO*  6#  786*79i«NuV.  1975*FAnE 

DEPTH  AND  SPACE  DEVERSITY  STATISTICS  OF  PROPAGATION  ALONGE 
EARTH-SPACE  PATHS  HAVE  BEEN  CALCULATED  FROM  RADAR  REFLECTIVITY 
DATA  STc.RAINS  CSING  MODELING  TECHNIQUES.  THF  REFLECTIVITY 
DATA  BASE  WAS  OBTAINED  DURING  THE  SUMMER  OF  1973  AT  WALLOPS 
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"'G'T^GpHR°R«SSING°5y|?l«AND  FRAD^Rs}jTTfsR5fflD  “ ' ™ 
, /SpuIp?EiAbiVfc^EKDl50?NDVAfJ§^7P;,TH  ANGLES  »N»  SEVERAL0' 

M ffillM-5-' *WM*AHi7^6,?#AS5«?ftti8EigMl^a* 

AN  i-  PROPAGATION  _ , VOL*  A P ~ 2 3 , NO  2 , 713  — 2?0#MARnw  i07R«. 
MEASUREMENTS  OF  RAINFALL  ATTENUATION  OF  MM  WAVES  AT  5’.7J9  5 

£3^  wavelength  were  conducted  during  1969-1970* 
SIMULTANEOUSLY  RECORDED  METEOROLOGICAL  QUANTITIES  WERF  THF 

determined!011^”  as  a FUNCT'0N  or  rainfall  RATEwERETHu! 

52uc,6j;§?TvE!!!,'  LIANG-CHI«REMOTE  PROBING  OF  ATMOSPHERE  AND  WIND 
^k0g^JYMILUMETER  WAVES*  IEEE  TRANSACTIONS  ON  ANTENNAS 
A N PROPAGATION,  VOL*  A P - 1 8 , NO.  4 . 493-497*  J LJ I Y 1 Q 7 n a 
A TECHNIQUE  IS  DEVELOPED  TO  PROBF  THE  ATMOSPHERE  TlIRRIIl  PwrF 
STRENGTH  CN2  AND  THE  WIND  VELOCITY  ALONG  A PATH  HSlScMM^ 
^Jd?„^tA..Tg°kA  DATA  OBTAINED  IN  A LINE-OF-SIGHT  MM  WAVE 
PROPAGATION  EXPERIMENT  ARE  PROCESSED  AND  USED  AS  THF  SOURrF 

SiTu^TSciS^Sinrr^^  AVERAGE  CN?  AND  WIND  VFLOCITY  - TOGETHER 
WITH  THEIR  GRADIENTS  ALONG  THE  PROPAGATION  PATH  arc  pai  pm 

L1IEB. ey. converting  » set>  "Integral  equations.  Ra  numerical 


T9  yi?LD.THE,Li^rbotiARE“ERRORDSOLUTJgN|'... 


262121D*S0K0L0RE.  A . V . ^ATTENUATION  OF  VISIBLE 

ph5I t Ic0NvniN  f,nD  engineering”and*eLectronic 

xiin§rl£§r  VpL  . 15,  NO.  12 * , 21  75 -2 17 8* 19 70  * THE  RESULTS  OF  A 
THEORETICAL  CALCULATION  OF  RAIN  ATTENUATION  IN  THE  RANGEnF 
0 . 63-100  UM » OBTAINED  FROM  RIGOROUS  FORMUl  AS  OF  m t p t c 
DIFFRACTIONS  THEORY,  ARE  PRESENTED  FOR  the  CASE  WHFRF  THF 
Rf^RACTIVCE  INDEX  OF  RAIN  DROPS  CORRESPONDS  TO  THE  DATA  OF 

3?M*«k  Sg8i„Tt/I  FD0gcIT7EBS,I§IS'8'JTI9N  IS  IN  ACCORDANCE0 

THt  RESULTS  OF  BEST,  POlYKOVA.  IT  IS  SHOWN  That  thc 
THEORETICAL  RESULTS  OF  ATTENUATION  ARE  GOOD  FROM  6.3  UM 
Tm  2 • £mUM  • A COMPARISON  OF  THE  RESULTS  OF  ATTENUATION 

PATH  AS  PRESENT^DNSIHS  °F  <6329  AND  10’6  MM  * 2 OVER  1 36  KM 
2231 DZENSK Y » ZR,»  S.J, ^ATMOSPHERIC  AFFECTS  ON  TFRRPSTDTAi 
^ q ^ ^ ^ ^ ? ^ NS  * C ON  T R A r T H A HC  1 5 - 7 3* C • 0 1 8 1 * M A R CH  1974* 

Ap nl^0  602^A  METHODOLOGY  FOR  QUANTITATIVELY  ESTIMATING  THE 
performance  of  mm  wave  system  (30  — zooghZ)  tn  tup  a p»4c " c 
AND  IN  the  PRESENCE  or  RAINFALL.  informat  on  on  thftranq! 

MISSION  PROPERTIES  OF  MM  WAVES  IS  COMBINED  WITH  CURRFNT 
AVAILAPLE  METEOROLOGICAL  OAT 4 TODERIVF  THE  MFTHOPOi  nry  * 
ppopagation  and  rainfall  Data  for  2 given* 

due  to  Rainfall  vs  pathlength  for  various  frequenc  es 1 N 

^TI?  OR  LESS  «EL. ABILITY  COMMUNICATIONS  IN  WHICH  OUTAGES 

“Mms**!®"  roi  theSHI'oSeS.tVon^.SS  52575NlR}!2§„f|S;SSL 

fS'*J4?iRf.«5Spc8B?uS}S5?4nSii0rSSSJ^f8rf?^?|S5li785ll#S5 

cosrsvyl  iVnf'buR!??  TJ^rSoEF^atE^iT^ii'soM^'  ^tworks. 

UNPURllSHED  DATA  OF  CE  BFTTENCOURT  ONATTENUATlON^r  MM 
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5’ 

2) 

FT 

3) 

AT 


WAVES  IN  RAIN  IN  THE  30-95  GHZ  BAND.  IT  APPEARS  THAT  MM 
WAVES  MAY  BE  A BETTER  SOLUTION  THAN  ORDINARY  4-WIRE  CABLE 
FOR  SEVERAL  REASONS . #* 

622l3lC*GREENEBAUM,  M . #THE  CALCULATION  OF  MM  AND  SUB  MM 
WAVE  ABSORPTION  LINE  PARAMETERS  FOR  THE  MOLECULAR  OXYGEN 
ISOTOPES:  (16)02,  (16)0(18)0,  AND  (18)02.  _ -_#CONTRACT  NO.  DAAHOl- 

74-C-0419*15  AUG  19?5*AD  A017  397#CALCULAT I ONS  (USING  APL 
LANGUAGE)  ARE  DESCRIBED  WHICH  YIELD  ABSORPTION  LINE  PARAMPTERS 
FOR  THE  3 MENTIONED  02  ISOTOPES:  IN  THE  FORMAT  OF  THE  AF CRL 
ATMOSPHERIC  LINE  PARAMETERS  COMPIIATION.  THE  LINE  PARAMETERS 
ARE  LINE  WIDTH,  LOWER  STATE  ENERGY,  AND  IDENTIFYING  QUANTUM 
NUMBERS.  THESE  PARAMETERS  ARE  REQUIRED  AS  INPUT  TO  THE  SLAM 
PROGRAM  (DESCRIBED  ELSEWHERE)  WHICH  CALCULATES  THE  ATTENUATION 
VS  ALTITUDE  IN  ANY  FIXED  FREQUENCY  IN  THE  MM-SUB  MM  WAVE 
REGION,*# 

7 21 1319  #S  I L VER  > SAMIJEL*S0LAR  RADIATION  AND  ATMOSPHERIC  ABSORPTION 
IN  THE  MM  WAVE  REGION  (SEMIANNUAL  PROGRESS  REPORT) 

CONTRACT  ONR-NOVR  222(54),  AND  NSG  243*AUG  25,  1967*AD  656  734# 

1)  ABSORPTION  OF  OZONE  AND  02  WERE  STUDIED  AT  36  AND  37  GHZ  IN  A 
LONG  ABSORPTION  CELL,  AT  A PRESSURE  OF  40  MM  HG. 

EMISSION  FROM  H20  WAS  STUDIED  WITH  A RADIOMETER  OF  13,000 
ALTITUDFE  - SKY  BRIGHTNESS  - WITH  A RADIOMETER  OF  1.5  AND  .8  CM 
OBSERVATIONS  OF  JUPITER,  VENUS.  AND  TAURUS  A WERE  MADE 
1.35  CM  WITH  A 10'  ANTENNA  - AND  A RADIOMETER.#* 

943141  #E V ANS  > G.J.  AND  EVANS  MYRON#  AN  EXPERIMENTAL  STUDY  AND 
CLASSICAL  TREATMENT  OF  THE  FAR  INFRA-RED  INDUCED  DIPOLAR 
ABSORPTION  IN  GASEOUS  ETHYLENE #A QVAN . MOL.  RELAXATION  PROCESSES  9, 
87-103*1976«NO  #*THE  FAR  I.R.  ABSORPTION  SPECTRUM  OF  THE 
COMPRESSED  GAS  ETHELENE  HAS  BEEN  MEASURED  IN  THE  REGION 
10-200  CM-1  AT  PRESSURES  FROM  14.7-55.76  AT  296  DEGREES 
KELVIN.  THE  ORIGIN  OF  THE  BROAD  BANDS  OBSERVED  IS  A BR 
MOLECULAR  COLLISION  INDUCED  ABSORPTION  AS  SHOWN 
DEPENDENCE  OF  THE  TOTAL  INTEGRATED  INTENSITY  ON 
OF  THE  MOLECULAR  NUMBER  DENSITY.#* 

B61681B#GRAMS»  G.W.;  BL I FFORD » JR . , I . H . ; G I LLE T TE , D.A.J  AND 
RUSSELL,  D.B.*COMPLEX  INDEX  OF  REFRACTION  OF  AIRBORNE  SOIL 
PARTICLES#JOURNAL  OF  APPLIED  METEOROLOGY,  VOL.  13,  459-471= 

JUNE  1974#N0  #*THE  ANGULAR  VARIATION  OF  THE  INTENSITY  OF  LIGHT 
SCATTEREn  FROM  A COLLIMATED  BEAM  BY  AIRBORNE  SOIL  PARTICLES 
AND  THE  SIZE  DISTRIBUTION  OF  THE  PARTICLES  WERE  MEASURED 
SIMULTANEOUSLY  1.5  M ABOVE  THE  GROUND.  THESE  MEASUREMENTS 
GAVE  AN  ESTIMATE  OF  THE  COMPLEX  INDEX  OF  REFRACTION  M = NVR  - NIMI 
OF  AIRBORNE  SOIL  PARTICLES.  NRE  WAS  DETERMINED  BY  STARLANDQR 
MICROSCORES  TECHNIQUES  TABS  1.525  (LAMBDA  = .488U).  THE 
UPPER  BOUND  FOR  NIM  WAS  DETERMINED  TO  BE  .005.#* 

A6l46l9*RySSELL , PHILIP  B.  AND  HAKE,  JR  . , RICHARD  D . # THE 
POST-FUEGO  STRATOSPHERIC  AEROSOL:  LlDAR  MEASUREMENTS,  WITH 
RADIATIVE  AND  THERMAL  I MPL I C AT  I ONS # JOURN AL  QF  THE  ATMOSPHERIC 
SCIENCES,  VOL.  34.  1 63- 1 77  * 1 97 7* TH I S REPORT  IS  LlDAR  MEASURE- 
MENTS OF  STRATOSPHERIC  AEROSOLS,  BETWEEN  FEBRUARY  AND  NOVEMBER  1975, 
PARTICULATE  BACKSCATTERI NG  FOLLOWING  THE  ERUPTION  OF  THE 
VOLCANO  FUEGO  ON  OCTOBER  1974.  THE  PEAK  SCATTERING  RATIO 
OF  THE  1975  PROFILE  WAS  1.7.  AND  THE  VERTICALLY  INTEGRATED 
PARTICULATE  BA CK SC AT TE R I NG  WAS  3.6X10-4  SR-1  AT  .694  UM.#* 
A63181D*ACKERMAN,  T.P.*A  MODEL  OF  THE  EFFECT  OF  AEROSOLS  ON 
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URBAN  CLIMATES  WITH  PARTICULAR  APPLICATIONS  TO  THE  LOS 
ANGELES  BASIN* JOURNAL  OF  THE  ATMOSPHERIC  SCIENCES.  VOL.  34, 

531“ 54  7*  MARCH  1977*N0  #*A  1-D I MENS  I ONAL , TIME  DEPENDENT  MODEL  OF 
THE  BOUNDARY  LAYER  HAS  BEEN  DEVELOPED  TO  STUDY  THE  EFFECT 
OF  POLLUTANTS  ON  LOCAL  METEOROLOGICAL  VARIABLES.  RADIATIVE 
TERMS  FOR  THEMODEL  ARE  COMPUTED  USING  A 4-STREAM  DISCRETE 
ORDINATE  METHOD,  CONVECT I ON  TERMS  ARE  PARAMETERIZED  AT  THE 

surface  using  transfer  coefficients  AND  dynamical  TERMS  ARE 

PARAMETERIZED  FROM  AVAILABLE  DATA.  THE  MODEL  IS  COMPARED 
METRICALLY  FOR  THE  GREAT  PLANE  DATA  WITH  GOOD  RESULTS.  OPTICAL-IR 
BANDS  ARE  FROM  THE  UV  AT  .347  UM , THE  WATER  VAPOR  LINE  AT 
330  CM -1 . * * 

A13561A*B0RDIN.  L.F.;  K I RDYASKOR I , K - P . ; STAHANKIM,  YU.  P.. 

AND  CHUKHLANTSEV , A.A.*ON  THE  APPLICATION  OF  MICROWAVE  RaDIQMETRY 
TO  FOREST  FIRE  SURVEYS*R AD  10  ENGINEERING  AND  ELECTRONICS  PHYSICS 
21  > 89-9  SEPT  1976*N0  #*THE.  INTENSI TY  OF  THE  FLAME  RADIATION 
OF  A FOREST  FIRE  OF  MICROWAVE  FREOUENC I ES  IS  ESTIMATED.  THE 
EFFECT  OF  THE  SMOKE  PLUME  ANp  THF  TREE  TOPS  ON  THE  MICROWAVE 
RADIATION  SPECTRUM  AND  THE  POSSIBILITY  OF  DETECTING  FOREST 
FIRES  SOUCES  USING  AIRBORNE  MM  WAVE  RADIOMETERS  IN  THE  .8  AND  3.4 
WAVELENGHT  BANDS.  THE  .8  MM  RAND  DEFINITELY  SHOWS  THE  FIRE 
AREA  RETJER  THAN  THE  3.4  MM  BAND  RADIOMETER.** 

Cll58l7»H0DI t M . A . ; HUNTER,  W.N.;  NORTH,  A.M.;  PETHRIcK,  R.A.; 

AND  TOWLAND,  M.* METHODS  AVAILABLE  FOR  THE  MEASUREMENT  OF 
DIELECTRIC  RELAXATION  IN  THE  MEGA  - GIGAHERTZ  FREQENC Y RANGFS* 
ADVAN.  MOL.  RELAXATION  PROCESSES  6,  267-286*l975*N0  #*THIS 
ARTICLE  REVIEWS  VARIOUS  METHODS  OF  MEASURING  DIELECTRIC 
PHENOMENA  IN  SOLIDS,  LIQUIDS  AND  GASES  IN  THE  100  MHZ  - 
3X1013  HZ  FREQUENCY  RANGE, AND  METHODS  OF  DATA  REDUCTION, 
8135619*EVANS-  MYRON  AND  DAVIEs,  GRAHAM  J.*A  SIMPLE  MODEL 
THE  ORIENTATIONAL  CORRELATION  FUNCTIONS  OF  DIPOLAR  AND 
INDUCED-DIPOLAR  ABSORPTION  IN  LIQUIDS* ADVAN.  MOL.  RELAXATION 
PROCESSES  _,  VOL.  9,  129-l52*l976*THIS  PAPER’S  PURPOSE  IS  TO 
PRESENT  A COHERENT  STATISTICAL  ACCOUNT  OF  the  ROTARY  DYNAMICS 
OF  DIPOLAR  AND  NON-DIPOLAR  MOLECULES  IN  THE  LIQUID  STATE  IN 
TERMS  OF  THEIR  RESPECTIVE  ORIENTATIONAL  CORRELATION  FUNCTIONS 
THESE  ARE  RELATED  TO  THE  BROAD  MICROWAVE  AND  FOR  I.R.  A3  SO  RP  T I ON 
BANDS  OF  THE  LIQUID  PHASE  FROM  .1  CM-1  (3  GHZ)  To  500  CM-1.** 

2 1 2 5 7 1 8 * N 0 AUTHOR  G I VEN *EQUA T I ONS  FOR  CALCULATING  THE  DIELECTRIC 
CONSTANT  OF  SALINE  W ATER  * I EEF  TRANSACTIONS  ON  MICROWAVE  THFORY 
AND  TECHNIQUES.  733-736*AUG  1971*N0  #*THE  DIELECTRIC 
CONSTANT  OF  SALINE  WATER  MAY  BE  REPRESENTED  BY  AN  EQUATION 
OF  THF  DEBYE  FORM  EQUATIONS  FOR  THE  PARAMETERRS  IN  THE  DEBYE 
EXPRESSION  ARE  GIVEN  AS  FUNCTIONS  OF  WATER  TEMPERATURE  AND 
SALINITY.  BOTH  THE  REAL  AND  IMAGINARY  PARTS  ARE  GIVEN. 

FOR  3.25,  9.14,  23.7  AND  48.6  GHZ  RADIATION.** 

141151A*BECKMAN,  J.E.  AND  HARRIES,  J . E . * SU8M I L L I ME  TER- W A VE  ATMO- 
SPHERIC AND  ASTROPHYSICAL  SPECTROSCOPY  *APPi_  I ED  OPTICS,  VOL.  14, 

_ NO.  2,  470-485*FEB  1975*N0  tf*THIS  IS  A REVIEW  ARTICLE  ON 
WORK  DONE  AT  THE  U.K.  NATIONAL  PHYS.  LAB.  AND  QUEEN  MARY 
COLLEGE  ON  THE  SUB  MM  SPECTRUM  AND  ITS  APPLICATION  TO 
ATMOSPHERIC  AND  ASTROPHYSICAL  PROBLEMS.  A NPL-GRUB8  PARSONS 
TYPE  OF  MICHELSON  INTERFEROMETER  IS  USED  IN  AIRCRAFT  FRYING 
AT  12  KM  AND  ABOVE.  TO  RECORD  THF  SUB  MM  EMISSION  OF 
THE  STRATOSPHERE  IN  THE  15  CM-1  RANGE  OF  H?0.  03,  HN03. 


** 

FOR 


CM 
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AND  OTHER  GASES. 

?0HETTfHHfERORyC6FJ-&iE*°6NCTRIC 

lL4  J I??;j . RftixiJ  J0Si,;gSf  §?|Ei6  Jgiii t 6 ■ 

^ _Q ' electr i c friction  is.analyzed  and  shown  that  their 


J' 

derivation  is  incons  istent'T'W !influenSewSf' Bi pole-dipole 


-Then  invesTig^t  ed' 

NTERaCTION  INDr 


OF 


Bi?ifl£l*rSn4Si ’Increase  ]nth|  Di'iLECTRlc1  relaxation  t7me!** 

b1s?.stP<,£vDSSLEY  , J . : TAY»  S.P.:  AND  WALKER.  S »EVAI  MATT  n N 
?w  Mni  crMi^»D*oci^I  ^ ACCORDING  TO  BUDO'  EQUATIONS *ADVAN 
INc^§ki^LKA,?*REL^Xr  I°N  PROCESSES.  79-83*1974*N0  AUV^- 
#oExpeR.imen_tal  data  on  dielectric  constant  ANjp  loss  factors 


are  analyzed  VTA  B 

AND. IMAGINARY  PART 


^°8fs,S 


IQUAtioNS,  which 


‘TI ,ON S>  WHICH  RFL 

.DIELECTRIC  .CONST  ANT  TO  LINEAR 


ATE  THE  REAL 


?yg!Spoi!IA°K? °F  TWO  dielectric  (LORENTZ IAN)  and  two  loss 


TERMS,  EACH  WITH  DIFFERENT 
CONSTANTS.  THE  DIELECTRIC 
CONTAINING  2 POLAR  SOLUTES 
ANALYZED.** 

D323661E*LAX»  B.  AND  COHN,  D 


RELAXATION  TIMES  AND  TWO  WEIGHT 

data  for  ia  mixtures,  each 

AND  A NON-POLAR  SOLVENT  WERE 


SUBMILLIMETER  RADIATION  WITH  p NT  N 0N 

?JS8°^E  THEORY  AND  TECHNIQUES,  V0l!mTT-?2V  NO.  12, 
1049-1052*DEC  1974*N0  #*RECENT  ADVANCES  IN  THE  DEVELOPMENT 
OF  HIGH  POWER  SUB  MM  LASERS  HAVE  OPENED  UP  NEW  AREAS  0? 

I T J GA T I ON  IN  THE  STUDY  OF  LASER  PLASMA  INTERACTION.  THESE 
ARfAS  INgLUBg  STUDIES  OF  L ASER- I NDUCED  GAS  BREAKDOWN  AND 

CYCLOTRON  RESONANCE,  LASER- INDUCED 
BREAKDOWN  EFFECTS  IN  SOLIDS,  AND  STUDIES  OF  L ASER-GENER ATFD 
?A§^EIRlCuiNpI^PIkITlES  IN  ARC  PLASMAS?  IN  ADDITION, 

these  Sub  mm  lasers  can  be  used  for  diagnostic  measurements 
MCAiJcKDvATu«i3^MAS’  WHICH  INCLUDE  ion  temperature  measure- 
SnSnurTiwr ROMSON  SC  A TTER I NG , AND  OF  TRANSVERSE  THERMAL 
uUNUyty  1 1 V 1 T Y . * * 

D3innMr  A Tckrl,',nS  ;,M  • I BUTTON,  K.J.;  WALDMAN,  J.;  AND  COHN,  D.R.* 

SETER  LASER  INTERFEROMETER  SYSTEM  FOR 
9EN?iTY  MEASUREMENTS*APPL  IED  OPTICS.  VOL,  15,  NO.  11, 
?645-2M8*N0y  . _1976*N0  #*A  HIGH  RESOLUTION  S UBM I LL  I M ET  ER 


tmTt5cE?°ct!?EI^R,SYST^M  FOR  MEASUREMENT  OF  ELECTRON  DENSITIES 
^ THE  1.E14  CM-3  < N^  < 2.E15  CM-3  RANGE  HAS  BEEN  DEVELOPED 

For  use  in  high  density  tokomaks.  phase  modulation  at  i mhz 
IS  ACCOMPLISHED  BY  DIFFERENCE  FREQUENCY  MIXING  OF  TWO  CAVITY 
J*el£o  LASER  OSCILLATORS.  THE  OPTICALLY  PUMPED  CH30H 
LASERS,  WHICH  OPERATE  AT  118.8  UM,  FEATURE  A NOVEL  OUTPUT 
COUPLING  DESIGN  THAT  PERMITS  GOOD  MOPE  QUALITY  AND  LOW  BEAM 
DIVERGENCE.  THE  BEST  SIGNALS  ARE  DE TECTED  US  I NG  A NEWLY 
DEVELOPED  GE  LI  PHOTOCONDUCTOR.  AMD  A DIRECT  MEASUREMENT 

DcrcDcMrcAcfrSAl,cT  FR0M  THE  TIME  LAG  6ETWEEN  PROBE  AND 
..REFERENCE  SIGNALS. ** 

52L621A*DAVIS.  JOHN  H.  AND  COGpELL,  JOHN  R . *ASTRONOM I CAL 
REFRACTION  AT  MILLIMETER  WAVELENGTHS* I EEE  TRANSACTIONS  ON 
ANTENNAS  AND  PROPAGATION,  VOL.  AP-18,  NO,  4,  490-493*JULY 
1970*NO  ^MEASUREMENTS  OF  THE  DIFFERENCE  BETWEEN  RADIO  AND 
OPTICAL  ASTRONOMICAL  REFRCT I ON  AT  LAMBDA  - 8.6,  4.3,  3.1,  AND 


M FOR  MEASUREMENT  OF 
< 2 • E 15  CM-3  RANGE 


ELECTRON 
HAS  BEEN 
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2- 2  MM  *51  described,  the  MEASUREMENT  techniques  utilized 

SOLAR  LIMB  CROSSING  TIMES  OBSERVED  WITH  A 16-FT  RAnlO 
TELESCOPE.  RESULTS  SHOW  THE  EXPECTED  DEPENDENCE  UPON 
ATMOSPHERIC  WATER  VAPOR  BELOW  LAMBDA  = 3 MM,  BUT  RADIO  RETRACTION 
TENDS  TO  APPROACH  OPTICAL  REFRACTION  AT  THE  SHORTEST  WAVELENGTH?# 
42H?cmma?{  E A N N I N * Bob  M.;  AND  S TR  A I TON  * ARCHIE  W?* 

ATTENUATION  OF  8.6  AND  3.2  MM  RADIO  WAVES  BY  CLOUDS*IEEc 
TRANSACTIONS  ON  ANTENNAS  AND  PROPAGATION,  VOL?  Ap-23,  NO  6< 

NOV  1 9 7 5 « N 0 ##ME ASURED  ATTENUATIONS  ASSOCIATED  WITH 
A VARIETY  OF  CLOUD  CONDITIONS  AT  WAVELENGTHS  NEAR  8.6  AND 

3- 2  MM  ARE  REPORTED.  TWO  SPECIFIC  EVENTS.  DURING  WHICH 

HEAVY  RAIN  CLOUDS  COVERED  THE  SKY.  ARE  EXAMINED  AND  STATISTICAL 
DATA  COLLECTED  OVER  A 6-MONTH  PERIOD  ON  A VARIETY  OF  CLOUD 
TIONS  WERE  THE  RAIN  BEARING  CUMULONIMBUS  AREA.  OF  THE  NON- 
RAIN CLOUDS,  THE  TWO  TYPES  FOR  WHICH  THE  SAMPLE  SIZES  ARF 
ADEQUATE  AND  ATTENUATIONS  ARE  SUFFICIENT  FOR  MEANINGFUL  b 
CONCLUSIONS  ARE  STRATO  CUMULUS  AND  CUMULUS?  THEIR  35  GHZ/ 

RESPEcTIVELYAI*ENUAT I0NS  BElNG  °-18/0-61  DB  AND  0.12/0.34  DBM. 

343111  «BABKIN,  YU.S.;  SEKHAKOv,  I. A.;  SOKOLOV,  A.V.;  STROGANOV. 

SUKHONIN,  YE  . V . #ATTENUAT  ION  OF  RADIATION  AT  A WAVE 
kSv§TBc°Fv,9,' 96i  IN  SNOW#RADIO  ENGINEERING  AND  ELECTRONIC 
PHYSICS,  VOL.  15.  NO.  12,  21 71 -2 1 7 4# 19 70 #NO  #»THE  ATTENUATION 
OF  RADIATION  ON  SNOWFALLS  WITH  RATE  UP  TO  2 MM/HR,  COMPARED 
IP  £TIfNU£TI°P  0F  MELTED  WATER,  IS  MEASURED  AT  A WAVELENGTH 
of.  £VER  A 680  M PATH-  IT  IS  SHOWN  THAT  THE  ATTENUATION 

IN  RAINFALLS  WITH  THE  SAME  INTENSITY  IS  LOWER  BY  3 0-405£ 

A HIGHLY  IDEAL^ED  COMPUTATION  OF  THE  ATTENUATION  IN  SNOWFALL 
IS  CARRIED  OUT  ON  THE  BASIS  OF  MIE’S  THEORY:  THE  COMPUTATIONS 
AGREE  WITH  THE  EXPERIMENTAL  DATA  IF  ONE  INTRODUCES  EFFECTIVE 
RADII  OF  SPHERICAI  SNOW  PART!  PL Fs  ##  c 1 c 

"“i^|cTP6METRYGOFRGAS^-'"'-Sy§‘Jt!slr1-*1-9"-  V---°gRIER' 


i \ n U 1 I ' 3 

1411416oFLFM 
TRANSFORM 


:S« IEEE' TRANSACTIONS  ON  MICRO- 


WAVE  THEORY  AND  TECHNIQUES*  VOL.MTT-22.  NO.  1 2 , ' 1 02 3- i 0?5 *nFC  1074* 
NO  **THIS  PAPPR  DESCRIBES  NEW  SPECTRA  5*  H20.  N2o!  AND  S02  IN  1 
O^OS^CM-l  ft#"1  (1  MM  ~ MM>  RFG10N’  AT  A RESOLUTION  OF 

623i71C#REBER,  EARL  E . : MITCHELL,  RICHARD  L.i  AND  CARTER, 

Clrn?EKF§  J,;  -ATTENUATION  OF  THE  5-MM  WAVELENGTH  BAND  IN  A 

\/niRT  A9bEi  o™MnPHfREl'lnE^-,IRANSACT  1 0N  0N  ANTENNAS  AND  PROPAGATION 
VOL.  AP-18,  NO.  4,  472-479#  _ JUL Y 1 9 7 0 # NO  ##EFFECTS  OF  ATMO- 
SPHERIC  CHANGES  ON  ATTENUATlON  IN  THE  ATMOSPHERE  ARE° 

EXAMINED  FOR  THE  5 MM  WAVELENGTH  REGION  OF  THE  ELECTRO- 
MAGNETIC SPECTRUM  ( 48-72  GHZ).  ATTENUATION  VS  FREQUENCY 
AND  ALTITUDE  FOR  VERTICAL  TRANSMISSION  THROUGH  THE 
ATMOSPHERE,  CAUSED  BY  OXYGEN  ABSORPTION.  APE  TABULATED 

62ll71A»R0SENKRANZ  , PHILIP  W. "SHAPE  OF  THE  5 MM  OXYGEN  BAND 
i^nZHi::umTM0?£H§5EaIEEE  TRANSACTION  ON  ANTENNAS  ANDPROPAGA- 
T I ON , VOL.  AP-23 , NO.  4,  49B-306»JULY  197S»N0  ##THE  PROBlFM 
PL^P0??TI§P.9FMICR°WAVES  by  MOLECULAR  OXYGEN  IN  THE  ATMO- 
tF,-I£vAIPD  BY  A EIRST  ORDER  APPROXIMATION  TO  T H F 

impact  theory  of  overlapping  spectral  lines,  by  including 
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MA,LL,i;.Hf0c3yip!-^9  between  adjacent  rotational  states  in 

MOLECULAR  COLLISIONS.  WE  HAVE  DEVISED  A SIMPLE  APPROXIMA- 
TION E0R  COMPUTING  the  INTERFERENCE  BETWEEN  LINES 

FROM  MEASUREMENTS  ON  THE  RESOLVED  LINES  --  L 1 

851581E#SMITH,  DONALD  R.  AND  LOEWENSTE  IN ERNEST  V. -OPTICAL 

RAR  MnFR£RE?-77KTf^ALS'  PLASTICS^APPLIED 
14,  NO.  6,  1335-3  34 1 -a- JUNE  1975-NO  #-ROOM  TEMPERA 
CONSTANTS  (INDEX  OF  REFRACT  I ONS  AND  ABSORPTION 
OF  PLASTIC  MATERIAL  WERE  MEASURED  OVER  THE 


CONSTANTS  OF 
OPTICS.  VOL. 
TURE  OPTICAL 
COEFFICIENT) 


50 

MA 


TEF 


THE 


JO  350  CM - 1 (200  UM  - 28.6  UM)  SPECTRAL  RANGE. 
KAPTON.  SURLYNUANDHMYLER^NSALL  EXCEPTHTPXNf XH  I B I T Blk?-’ 

^NfvEN^GEA$0f  CTWON0SESEOUTSEN?ES  g ^ ^ ^ ^ ^ W 1 1 5 A §5 C T y R E . 


& 


Jix  WAS  CALCULATED  FROM  THE 
REFLECTION  -FROM  T HI 


;h  annel 

EXAMP 


RE.  THE  REFRACTIVE 
ED  SPECTRUM  AS 
LEI  THE  ABSORPTION 


SERVED" IN 

COEFFICIENT  WAS  DETERMINED  (EXCEPT  POLYETHELENE)  BY  A 
TRANSMISSION  ME ASUREMENT . 

B515829-L0EWENSTEIN,  ERNEST  V.;  SMITH.  DONALD  R.J  AND 
Kate^Ii  50B^RT  L. -OPTICAL  CONSTANTS  OF  FAR  INFRARFD 
MATERIALS.  2:  CRYSTALLINE  SOL  I DS -APPL I ED  OPTICS.  VOL 


398-406 -FEB 
CRYSTALLINE 


12.  NO 
OP  FOUR 


1973-NO  # - THE  FAR  I.R.  OPTICAL  CONSTANTS 
„ £,r:n«nT^ATERI  ALS  AT  300  PEG  K AND  1.5  DEG 

c»D§uTDcPC,oJiD;.  THESE  MATERIALS  ARE  CRYSTAL  QUARTZ. 

DnT^Icle  9IeM££UUK  ’ r-AND  SILICON.  FOR  QUARTZ  AND  SAPPHIRE. 

BOTH  SETS  ARE  REPORTED  (THEY  ARE  BI  REFRINGENT)  THE  MPASURF- 
Q M|NJS  EXTEND  FROM  30  CM-1  TO  350  CM-1  (333  UM  --  28.6  UM). 
Tn^iSADL,§TA  C’C-  AND  GEBBIE.  H . A . -REFRACT  I VE  INDEX  OF 
NITROGEN,  WATER  VAPOR.  AND  THEIR  MIXTURES  AT  SUBMILLIMETER 
WAVELENGTHS- APPL I ED  OPTICS.  VOL.  10.  NO.  4,  755-758-APR 1 1 1971* 

M?v?nIcE.,?iE5£  a J,1  VP  INDEX  OF  NITROGEN,  WATER  VAPOR.  AND  THEIR1 
MIXTURE  WAS  MEASURED  AT  337  UM,  3ll  UM  AND  28  UM  WITH  MOLECULAR- 
LASERS.  A DISCREPANCY  BETWEEN  THESE  NEW  MEASURED  VALUES 
MICROBE  VALUES  FOR  PURE  N2  IS  UNEXPLAINED.** 

TEMKIN,  R.J.;  AND  BUTTON,  K.J 
METER  LASER  WAVELENGTH  TABLES-APPL I ED  OPTICS,  VOL.  15,  NO 
2635-2644-N0V  1976-NO  #-T ABLES  PRESENTED  THAT  LIST  SUB  MM 


AND 

-SUB  M I LL I - 
■"  11. 


LASI 

GASE 


bi 


NES  OBSERVED  IN  THE  OPTICAL  PUMPING  OF  MO 
^TH  C°2  laser  RADIATION.  THE  LINES  HAVE  B 
[ROM  PREVIOUS  PUBLICATIONS  BY  VARIOUS  AUTHORS  ARE 
„ WAVELENGTH  RANGE  FROM  34  UM  TO  1.965  MM.-- 
9125819-BLOCK,  H.  AND  NORTH,  A . M . -D I ELEC TR I C RELAXATION 


ECULAR 
EN  08Ta: 
IN  THE 


NED 


VO, 


IN 


solutions-advan.  mol.  relaxation  process 

309-374-1970-NO  #-THlS  IS  A LONG,  GENERAL  ARTICL 
RELAXATION  IN  POLYMER  SOLUTIONS,  TITLES  IN  THIS  M I N I -TREAT  I SE 
ARE  CLASSIFICATION  OF  POLYMER  TYPES,  POSSIBLE  RELAXATION 


L.  1, 

ON  DIELECTRIC 


I ISMS 
ONS, 


THEORY  OF  DIELECTRIC  RELAXATION 


dielectRi c" Relaxation  in  Random 


in  polymer 
coil  molecules, 

AND  ALLIED  MACRO- 

POLYMERS. 


MECHAN 
SOLUTI 

DIELECTRIC  RELAXATION  OF  POLYELECTROLYTE 
MOLECULES,  AND  DIELECTRIC  RELAXATION  OF  RIGID  AND  LIK 
212311C-DINTELMANN , F . -SCATTER  ING  CAUSED  BY  PRECIPITATION  IN  THE 
MILLIMETER  WAVELENGTH  (3  CM  WAVELENGTH ) -NO  #-NO  #-JAN  1972- 
N73- 31 10  0-  I N THIS  REPORT  WE  REPORT  ON  THE  CALCULATION  0?  THE 
DIFFERENTIAL  SCATTERING  CROSS  SECTION  USING  MIE'S  THEORY. 

THE  SCATTERING  CROSS  SECTION  IS  CALCULATED  FOR  SPHERICAL 


** 
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PARTICLES  WITH  COMPLEX  INDEX  OF  REFRACTION.  VAIUFS  OF  THE 

scattering  cross  section  are  given  for  various  rain  rates 

AND  WAVELENGTHS.  THE  CALCULATIONS  ASSUMED  LAWS-PAPERS  AND 
BARSRALL-PALMER  DROP  DISTRIBUTIONS,  USING  DROPLET  DISTRIBU- 

TION'MEASURED  ON  912817,  BY  FGR  D33,  IT  IS  D 

THAT  THE  SCATTERING  CROSS  SECTION  MAY  NOT  BE 

BY  even  rate  only.** 

2133810*WILEY,  P.H.*THE  INFLUENCE  OF  POLARIZATION  ON  MILLI- 
METER WAVE  PROPAGATION  THROUGH  RAIN  (PHD  THESIS)*NO  #* 

NO  #*JUNE  1973*N74-10140*THE  AUTHOR  EXPLORED  IN  HIS 
PHD  THESIS  THE  INFLUENCE  OF  POLARIZATION  ON  MM  WAVE  PROPA- 
-ROM  BOTH  AN  EXPERIMENTAL  AND  A THEORETICAL  VIEW- 


1EMONSTRATED 
: CHARACTERIZED 


GATION  FROM  __ 

POINT.  UNIQUE  ASPECTS  OF  THE  MQDE  ySED  HER 
SPHERICAL  RATHER  THAN  PLANE  WAV  - - 


ARE: 

ARE  ASSUMED,  2) 


1 ) 

THE 

AVERAGE  DROP  DIAMETER  IS  USED  RATHER  THAN  A DROP  SIZE 
DISTRIBUTION,  3)  THEORY  IS  SIMPLE  ENOUGH  THAT  THE  EFFECT 
OF  CHANGING  ONE  OP  MORE  PARAMETERS  HAS  ON  THE  CROSS  POLAR- 
IZATION LEVEL  IS  EASILY  SEEN.  CONCLUSIONS:  1)  THE  BEST 
POLARIZATIONS  TO  USE  FOR  A DEPOLARIZATION  EXPERIMENT  ON 
ARE  PLUS  OR  MINUS  45  DEG  FROM  THE  VERTICAL,  2)  VERTICAL  AND 
HORIZONTAL  P0LAPI7ATI0N  SHOULD  NOT  BE  USED  FOR  A POLARIZATION 
EXPERIMENT,  3)  VERTICAL  POLARIZATION  SUFFERS  THE  LEAST  AVERAGE 
ATTENUATION  DURING  RAINFALL,  4)  OBUCHIS  ATTENUATIONS  AND 
PHASE  CORRECTIONS  ARE  CORRECT  FOR  19.36742,  5)  THE  EFFECTIVE 
PERCENT  OF  OBLATE  DROPS  ASSUMED  IN  ANALYSES  IS  CRITICAL  TO 
THE  PREDICTED  CROSS  POLARIZATION  LEVEL.  6)  POLARIZATION 
DIVERSITY  IS  NOT  FEASIBLE  AS  A MEANS  OF  INCREASING  RESISTANCE 
TO  RAIN-INDUCED  FADING  _,  7)  THE  USE  OF  POLARIZATION  MULTI- 
PLEXING UTILIZING  ORTHOGONAL  POLARIZATIONS  IS  LIMITED  TO 

very  short  path  lengths.** 

5631838*SMITH,  MONA  F.  . ED  I TOR* A TMOSPHER I C EFFECTS  ON  LASER 
BEAMS,  VOL.  1,  1964-1974  (A  BIBLIOGRAPHY  WITH  ABSTRACT)* 

NO  #*NO  #*OCT  l976*NTIS/PS-76/0842*THIS  IS  A 10-YEAR  BIB- 
LIOGRAPHY OF  ATMOSPHERE  EFFECTS  ON  LASER  BEAMS.  MOST  OF  THE 
ARTICLES  DEALWITH  VISIBLE  AND  IR  LASERS  THROUGH  10.6  UM. 

THIS  MUST  BE  CONSIDERED  AS  An  IMPORTANT  SOURCE  OF  DATA  ON 
LIGHT  WAVE  INTERACTION  EFFECTS  WITH  AEROSOLS  AND  TURBU- 
LENCE EFFECTS  OF  WAVELENGTHS  SHORTER  THAN  100  UM.** 
521171E*SMITH,  I KE *M I LL  I METER  COMMUNICATION  PROPAGATION 
PROGRAM,  FINAL  REPORT,  VOL.  I V . *NAS5-9523 - NO  #*1965* 
N66-30305*THIS  DOCUMENT  IS  VOL-  III  OF  THE  FINAL  REPORT 
FROM  THE  MM  COMMUNICATION  PROGRAM  BEING  PERFORMED  UNDER  NASA 
NAS5-9523  BY  RAYTHEON  SPACE  AND  INFORMATION 
FOR  GODDARD  SPACE  FLIGHT  CENTER.  THE  PROGRAM 
WAS  A STUDY  TO  DESIGN  EXPERIMENTS  WHICH  WERE  TO  DETERMINE 
THE  EFFECTS  OF  THE  PROPAGATING  MEDIUM  ON  MM  WAVE  (10-100  GHZ) 
SPACE  LEVEL  COMMUNICATIONS-  THIS  IS  A DESCRIPTION  BIBLIO- 
GRAPHY OF  DOCUMENTS  WHICH  WERE  USED  ON  THE  STUDY.  CATE- 
GORIES CONSIDERED:  METEOROLOGY,  ATMOSPHERIC  PROPAGATION, 
PLASMA  EFFECTS  CHANNEL  CHARACTERIZATION,  COMMUNICATION 
SYSTEM  PERFORMANCE,  COMMUNICATION  SYSTEM  APPLICATION, 

ANTENNAS  AND  COMPONENTS,  CIRCUITSD,  EXPERIMENTAL  GROUND 
523111D*ALTSHULER,  E.E.  AND  EBEOGLER.  D.B.*DOD  WORKSHOP  ON 
MILLIMETER  WAVE  TERMINAL  GUIDANCE  SYSTEMS  ( SECOND )( ADVERSE 
WFATHER  EFFECTS)*NO  #*RADC-TM-76-9*MAY  1976*AD  AQ26  270* 


CONTRACT  NO 
SYSTEMS  DIV 
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A ONE-DAY  WORKSHOP  WAS  HELD  AT  THE  AF  CAMBRIDGE  RESEARCH 
Laboratories  (Afcrlj  on  2s  jun  1976,  on  the  subject  of  mm 

WAVE  MEASUREMENTS  IN  ADVERSE  WEATHER.  THIS  WORKSHOP  WASH 
ORGANIZED  BY  THE  AF  ARMAMENT  LAB  (AFATL),  EGLIN  AFB  FI 
IN  CONJUNCTION  WITH  AFCRL,  HaNSCOM  AFB,  AND  WAS  APART  OF 
™§  cc?.cn§l.NL,IEoyNiCAL  COORDINATION  GROUP  (JTCG),  AND 
tuc  T .AND  SEARCHES  GROUP,  COORDINATION  ACTIVITIES. 

nkmcSirfP.Iiyj  2E  IH,ls  WORKSHOP  WAS  TO  EXTEND  THE  LEVEL  OF 
yG..2F  THE  ADVERSE  WEATHER  PROBLEM  WITHIN  THF 
pop,  SO  THAT  MM  WAVE  SYSTEMS  CAN  BE  DESIGNED  AND  TESTED 
EFFECTIVELY.  THE  KEY  FREQUENCIES  WERE  35  AND  95  GHZ  ** 
56wnn^i  • ■“WORKSHOP  ON  AMOSPHERIC  TRANSMISSION 

MODE  LI  NG*DAHC15-73-C-020  0#NO  #*DEC  1975*AD-A026  354*  THIS 
IS  A REPORT  ON  A WORKSHOP  ON  ATMOSPHERIC  TRANSMISSION 
MODELING,  THE  WORKSHOP  WAS  DIVIDED  INTO  A MORNING  SESSION 
IN  WHICH  PAPERS  RELATING  TO  THE  TOPIC  WERE  PRESENTED  AND  AN 
AFTERNOON  WORKSHOP  that  AS  DIVIDED  INTO  A PHYSICS  ANDAN  AN 

SESSION  AND  A SESSION  ON  COMPUTER  MODELING.  TYHE 
JMEPORPOSE  CF  THE  WORKSHOP  WAS  TO  BRING  TOGETHER  THOSE 
PEOPLE CONTR IBUTED  TO  COMPUTER  MODELING  OF  ATMO- 

THOSE  WHO  USE  THE  PROGRAMS,  AND  THOSE 

Dc°r>K$yf  pyAt«AI£8  the  programs  so  that  a consensus  C 0 u I D 

BE  OBTAINED  CONCERNING  PRESENT  MODELS,  THE  PROBLEM  AREAS, 

AND  WHAT  MUSI_BE  DONE  TO  EVOLVE^A  MODEL  OR  MODELS  THAT 


woyLbBE  acceptable  in  the  future.** 
F*M ART  I N " - 


L.U.  AND  BEARD,  C . I . *M I CROW  A VE  RADIOMETRIC 

“ 3:  - 


51173  w...-r,iknwnMVc  n»U  l UPIC  I K I b 

2!^?n2N.SF^I^0i^ERIC  INTERNAL  WAV^S*NRL-MR.^283*N0 
MAY  523*M I CROWAVE  RADIOMETERS  (226  GHZ)  HAVE, 

pSRniyEo^ TIME,  detected  internal  waves  in  the  atmo- 
sphere boundary  LAYERS  AND  LOCALIZED  ALTITUDE.  VARYING  THE 
INTERSECTION  HEIGHT  OF  A NARROW  (3  DEG)  INTERNAL  BEAM  WITH 
THAT  OF  A WIDE  (22  DEG)  VERTICALLY  POINTING  ANTENNA 
BEAM  ALLOWED  DETERMINATION  OF  THE  WAVE  ALTITUDES.  THE 
GROUND-BASED  RADIOMETERS  WERE  LOCATED  AT  SAN  DIEGO,  WHERE, 

IN  AN  EXPERIMENT  IN  MAY-JUNE  1975,  THE  NAVAL  ELECTRONIC 

rnSD?Dic5y  t!NIu£  n^VS2,r-?PDViniD  "ATMOSPHERIC  TRUTH"  FOR 
COMPARISON  TO  THE  RADIOMETER  DATA  OBTAINED  BY  THE  NAVAL 

RESEARCH  LABORATORY,  NELC  PROVIDED  FM/CW  RADER,  ACOUSTIC 
SOUNDER,  L I DA R,  MICROBOROGRApH,  RADIO-SONDE-  AND  SURFACE 
METEOROLOGICAL  DATA.** 

C111719*BARTON, JAMES  E . *PERFORM ANCE  OF  A J-BAND  <12-18  GHZ) 
AIP-TO-GROUND  WIDEBAND  DATA  L I NK*NO  #*NO  #*JUNE  1976*AD- 
A027  191*TH I S REPORT  DISCUSSES  THE  EFFECTS  OF  ADVERSE 
WEATHER  CONDITIONS  ON  A LONG  AIR-GROUND  DATA  LINK  (15  GHZ 
BAND).  IT  INCLUDES  ATTENUATION  DUE  TO  RAIN  AND  THE  DEGRADA- 
TION OF  ANTENNAE  PATTERNS  CAUSED  BY  WATER  FILM  ABSORPTION 
ON  A RADQME  AND  ANTENNA  FEEDS  > AND  CONCLUDES  THAT  THE  I I NK 
DISCUSSED  FALLS  ABOUT  7 DB  SHORT  OF  THE  REQUIRED  MARGIN  FOR 
1%  OF  THfc  YcAn.**# 

5l2181B*R0PPEL  > D,*PRESENT  STATUS  OF  THE  RRI  SLANT-PATH 

ABSORPTION  MODEL  (SLAM)  CO,*NO  #*NQ  #*JAN  i976*Ad-A027  2l5* 

A COMPUTER  PROGRAM  (SLAM)  IS  DESCRIBED  WHICH  CALCULATES  THE 
ATTENUATION  BY  AIR  OF  UWAVE  AND  MM  ATTENUATION.  BESIDES 
THE  HORIZONTAL  ATTENUATION.  THE  VERTICAL  ATTENUATION  FROM 
VARIOUS  LEVELS  DOWN  TO  THE  GROUND  AND  OUT  INTO  SPACF  IS 
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PROFILE 
■R  Al 


AND 


ARE 


CALCULATED  FOR  A FIXED  FREQUENCY.  THE  LINE 
ATMOSPHERE  MODEL  CAN  be  SELECTED  FROM  AMONG  SEVE 
comparison  is  made  with  other  CALCULATIONS*  AND  WITH 
possibilities  for  improving  the  program 

U I o C U S ^ t U « ^ ^ 

A P.L. -PROCEEDINGS  OF  NATIONAL  CONFERENCE 

^nMcT?Q7£G»nTA£o§CoTTERING'nJUNE  15-T8,  1976-NO  #*NO  #- 
JUNE  1976-AD-A027  868-THIS  DOCUMENT  CONTAINS  SUMMARIES  OF 
ALL  INVITED  AND  CONTRIBUTED  PAPERS.  OTHER  PUBL1CATONS 
(PUBLISHED  ELSEWHERE)  ARE:  REPORTS  WITH  THF  FINDINGS  OF 
VARIOUS  PANELS  AND  FINAL  RECOMMENDATIONS  TO  THE  AIR  FORCE 
AND  A BOOK  ON  ELECTROMAGNETIC  SCATTERING  CONTAINS  THE 
cal  IEEr>P£EfR;  AND  A SELECTION  OF  CONTRIBUTED  PAPERS.  ** 
5631 82  6-HODARA , H.,  CONF . CHMN  .-OPTICAL  PROPAGATION  IN  THE 


ON 


AGARD ^CONFERENCE  PR( 
183-MAY  1976-AD-A028  ' 


ICEED  ING< 

a . conf! 


NO. 

:rence 


183-AGARD-CP- 
PROCEEDINGS 


-- - ....  . - .._  615-THIS  IL  ..  

OF  THE  1976  AGARD  CONFERENCE  "OPTICAL  PROPAGATION  IN  THF 
ATMOSPHERE"  SESSION  TITLES  AREI.ATMOSPHERICChJrACTER- 

ISTICS;  II.  INCOHERENT  PROPAGATION.  III.  COHERENT  PROPAGA- 

Li°cicTcucN0N"LINEAR  PROPAGATION,  V.  PROPAGATION  LIMITATIONS 
UN  b YS  ! bMS  * 

D1?681C»L0RTIE , E.L.;  KREGEL*  M.D.;  AND  NIBS 
A COMPUTATIONAL  TECHNIQUE  FOR  MODELING  THE 
ATMOSPHERE  (BRL  REPORT  1913 ) -NO  #-N0  #-AUG 
SIJ9¥IS£TI2N  PROCESSES  THOUGHT  TO  DESCRIBE 
TRATIONS  OF  ION  AND  NEUTRAL  CONSTITUENTS  IN 


F . E . -A  I RCHEM  : 
CHEMISTRY  OF  THE 
1976-AD-A030  157* 
AND  HAVE  CONCEN- 
THE  IONIZED 


a number  of  "techniques  of  varying  complexity  and  efficiency 

ONE  VERY  EFFICIENT  TECHNIQUE  FOR  COMPLEX  CASES  IS  THE  ° 
AIRCHEM  COMPUTER  PROGRAM.  THIS  PROGRAM  UTILIZES  THE  K- 

8 I S°A  ?^SrOLRMN?HE^A?HR6Di!f?cV*E,^I^?J{?Ui8ril3SipHERIC 

IlggiW  IH8g?s?!§E-co^XM?S.^ICH  ch*r1c^rm?^Sebr}c 

5 1 Si  C ^ I.S^N  S ' L<  AN0  KONG,  J . A . - ..THERMAL  MICROWAVE  EMISSION 
RR0M  HALF-SPACE  RANDOM  MEDIA  -NO  #-RADI0  SCENE  11,  599- 
609-FEB  1976-AD-A030  489-8RI GHTNFSS  TFMPERATURES  RESULTING 
FROM  MWAVE  THERMAL  EMISSION  FROM  A 1/2  SPACE  RANDOM  MED  UM 
AR|  CALCULATED  . THE  RANDOM  MEDIUM  HAS  A NON-UNIFORM  TEM- 
PERATURE PROFILE  AND  IS  CHARACTERIZED  BY  CORRELATION  FUNC- 
TIONS THAT  POSSESS  BOTH  VERTICAL  AND  LATERAL  VARIATIONS 
RADIATIVE  TRANSFER  EQUATIONS  ARE  DERIVED  THEY  ARE  SOLVED 
WI  JH  AN  ITERAT  I \/E  INTEGRAL  EQUATION  APPROACH  FOR  SMALL 
SCATTER ING  ALBEDO  AND  WITH  A NUMERICAL  APPROACH  FOR  GENERAL 

&I?^9ARfoSsRES^bI5LAC^S^TRATED’  °ISCUS^  AN8  CoU^D 

C13174A-N0  AUTHOR-MILLIMETER  WAVES  TECHNIQUES  CONFERENCE,  VOL. 


IONF 

:onf 


= R( 
: R t 


NCE 

NCE 


PRO- 

HELD 


NO  #-N0  #-MAR  1974-AD-A009  512-THIS  IS  A 
o!E9INS?r,°^  1974  MM  WAVES  TECHNIQUES 

P,A,PCH  1974.  SPONSORED  BY  THE  NAVAL  ELECTRONICS  LABORA- 
TORY CENTER.  MAJOR  TITLES  OF  THE  CONFERENCE  WERE:  A)  SOI  TD 
STATE JEVICES  AND  COMPONENTS,  B)  PROPAGATION,  ANTENNAES, 

victor_richardPandNj?'kam!3ererC"mm0wave  rai'nAbackscattering 

U l4cg§i!IIER  ANR  “4TE"  "ilf6?T«aciKS",w 


1* 
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UJZ2i£*§°3DX'  BORMAN  C. ^REMOTE  SENSING  OF  ATMOSPHERIC  WATER 
^cJEyL^S?^T?^JELL  ITES  USING  MICROWAVE  RADIOMETRY  *NO  #* 

IEEE  TRANSACTIONS  AND  PROPAGATION.  VOL.  AP-24,  NO.  2,  155-162* 
MAR  197 6*N0  #*ANALYSIS  IS  PRESENTED  WHICH  SUBSTANTIATES  THF 

Awn^i  t nn?  n^LtATCD  rnHotES  Mr  RE1-ATING  INTEGRATED  WATERVAPOR 
^^ULlOyi DWATER  to  BRIGHTNESS  TEMPERATURES  AT  FREQUENCIES 
NE*R  THE  22.235  GHZ  WATER  VApORLINE.  THE  INFLUENCE  OF  ATMO- 
SPHERIC AND  SURFACE  VARIABILITY  IS  SHOWN  TO  BE  MINIMAL  OVER 
Jr  * J Y S E A SURFACES.  DETERMINATION  OF  ATMOSPHERIC 
WaTFR  CONTENT  USING  REGRESSION  TErHNlQUES  IS  SHOWN  TO  FQli  ow 
DIRECTLY  THE  NIMBUS-F1  MICROWAVE  SPECTrBmEtIr  ABOARDNIMBUS  .-5 
r.Rr,iC0^E^5rn  ^ JJ  H RADIO-SONDE  water  VAPOR  MEASUREMENTS  and 

mi?^B8m!US4!1.TEMPER4TURE  HUM,D^ 

51Jf|§5SS  RSu^2cRlsf^^{c^JTlcRc?S?^?8%8Is7ig.Tfc9^SLN§GJ. 

NO  #*1973*N73-28716  - N73-27864*TH I S IS  A COLLECTION  OF  TALKS 
glVfN  BY  AUTHORS  FROM  NASA-GODDARD  ABOUT  SIGNIFICANT  ACCOMPLISH 
nPNJlrrNr,irZ£.Ml  GSFc-  SPACE  SCIENCE  AND  TECHNOLOGY  SUPPORTAVE 
GF  9MrCclfS9SRrr§  IN  LAUNCH  VEHICLES,  VISIBLE  AND  IR  IMAGERY 

of  the  Earth  communications  <15  and  31  ghz  vis  a 1 s - v > 

AND  ASTRONOMY  PROGRAMS  ARE  DISCUSSED.** 

563184B*SMITH,  MONA  F.,  ED  I TORoATMOSPHER  I C EFFECTS  ON  LASCR 
BEAMS,  VOL.  2.  1975  - SEPTEMBER  1977:  (A  BIBLIOGRAPHY  WITH 
ABSTRA  CTS ) «NO  #*NO  #*OCT  1977 »NT I S/PS- 7 7 / 083 1 * TH  I S IS  A 
CONTINUATION  OF  NT  I S/PS-76/0842 , A BIBLIOGRAPHY  ON  ATMOSPHERE 
EFFECTS_  ON  LASER  BEAMS.  MOST  OF  THE  ARTICLES  USE  VISIBLE  AND 


IR 


AN  IMPORTANT 
FFECTS  IN 


r«..kAPE5§  yP.rl0  10-6  UM.  THESE  BIBLIOGRAPHIES  AR 
SOURCE  OF  INFORMATION  ON  AEROSOLS  AND  TURBULENCE 
THE  ATMOSPHERE.** 

B417717*DAVIES,  G.J.  AND  HAIGH,  J . *SUBM I LL  I METER  SPECTRA 

OF  PURE  HIGH  AND  LOW  DENSITY  POL YETH YLENE*N0  #*INFRARED  PHYSICS 
VOL.  14,  181-188*197 4*N0  #*AS  PART  OF  A SEARCH  FOR  A DIELECTRIC 
$F  HIGH  MICROWAVE  TRANSPARENCY  FOR  TELECOMMUNICATION  APPLICA- 
TIONS ,,  THE  SPECTRA  OF  PURE  HIGH  AND  LOW  DENSITY  POLYETHYLENE, 
E?§PAl£OZ  A MES0  PROCESS.  HAVE  BEEN  RECORDED  AT  SUB-MM 
WAVELENGTHS . ** 

92217lF*DAVItS,  GRAHAM  J.  AND  EVANS,  M YRON*USE  OF  GENERALIZED 
LANGEVIN  THEORY  TO  DESCRIBE  FARINFRARED  ABSORPTIONS  IN'NON- 
DIPOLAR  LIOUIDS*NO  #*JOURNAL  OF  the  CHEMICAL  SOCIETY  OF 
^Sy29yrr,A5rS5Xr J 1 ’ 72'  1194-1205*197 6*N0  #*THE  MORI  CONTINUED 
FRACTION  REPRESENTATION  OF  THE  KVPO  RESPONSE  FUNCTION,  TRUN- 


cated'at  F] 

IS  SUCCESSF 


RST  ORDER,  GENERATES  A SPECTRAL  FUNCT ION  WH I CH 
UL  IN  DESCRIBING  ABSORPTION  OS  NON-DIPLOR  LIQUIDS 
IN  THE  HIGH  MICROWAVE  AND  FAR  INFRARED  REGIONS.  THERE  IS 
SOME  EVIDENCE  THAT  THE  EQUILIBRIUM  AVERAGES  <K0(O)  AND  K1(0) 
INHERENT  IN  THIS  REPRESENTATION  ARE  BOTH  I NTERMOl  ECUI  AR  PROP 
TIES,  IN  CONTRAST  TO  THE  CASE  OF  PURE  DIPOLAR  ABSORPTION, 
WHERE  KO ( 0 ) IS  A SINGLE  MOLECULE  PROPERTY.  THE  CORRELATION 
FUNCTION  OF  THE  DERIVED  SPECTRAL  FUNCTION  IS  COMPARED  AND 
CONTRASTED  WITH  THAT  OF  THE  INTENDED  DIFFUSION  MODEL  OF 
GORDON.** 

C11731A*ULABY,  F.T.*PASSIVE  MICROWAVE  REMOTE  SENSING  OF  THE 
EARTH'S  SURF  ACE*NO  #*IEEE  TRANSACTIONS  ON  ANTENNAS  8,  PROPA- 
GATION, 112-115* JAN  1976*N0  #*ABSTRACT  - THIS  IS  A BRIEF 
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REVIEW  PAPER  ON  MICROWAVE  RADIOMETRY  AS  A REMOTE  SFNSING 
TOOL . ! N. GEOSCI ENTI FI C INVESTIGATIONS.  ^TOPICS  COVERED  INCLUDE 


EV|EUS 


BASIC  RADIOMETRIC  PRINCIPLES.  RADIOMETER  RECEIVERS.  AND 
APPLICATIONS  THIS  PAPER  IS  ONE  IN  A SERIES  OP  MINI-R 

SPONSORED  BY  THE  WAVE  PROPAGATION  STANDARD  COMMITTEE  OF  IEEE 

and  is  intended  primarily  for  those  persons  who  have  not  had 

OCCASION  TO  STUDY  EXTENSIVELY  IN  THE  SUBJECT.** 

C3l241?*BlRCH,  J.R.:  PRICE,  G.D.J  ANn  CHAMBERLIN,  J* D I SP ERS I CA L 

Fourier  transform  measurements  on  opaque  solids  from 

5 TO  350  CM-1*N0  # * I NFR A RE  D PHYSICS*  VOL.  16,  311-315*1976* 

NO  #*A  TWO-BEAM  INTERFEROMETER  FOR  USE  IN  AMBIENT  TEMPERATURE 
DISPERSIVE  FOURIER  TRANSFORM  MEASUREMENTS  ON  OPAQUE  OR  HIGHLY 
REFLECTING  SOLIDS  IS  DESCRIBED.  THE  SPECTRAL  RANGE  BETWEEN 
5 AND  350  CM- 1 HAS  BEEN  COVERED  AND  THE  PERFORMANCE  ILLUSTRATED 
WITH  THE  FIRST  REPORTED  DIHYDROGEN  PHOSPHATE  AND  AMMONIUM 
DIHYDROGEN  PHOSPHATE.** 

C415516*MELCH0IRRI , B;  NATALE,  V.;  FISCELLA,  B.:  AND  LOMBARDINE, 
P.*MATERIALS  SUITABLE  FOR  MAKING  FILTERS  BEYOND  30  DEG  UM* 

NO  tf*INFRARED  PHYSICS,  VOL.  16,  253-255*1976*NO  #*M ATER I ALS 
SUITABLE  FOR  MAKING  FILTERS  IN  THE  FAR  INFRARED  BETWEEN  300 
AND  2000  UM  ARE  INVESTIGATED  BY  MEANS  OF  A MlCHELSON  INTER- 
FEROMETER AND  MONOCHROMATIC  RADIATION  OBTAINED  BY  A KLYSTRON.** 
5317319* MATHER,  J.C.;  RICHARDS,  P.L.  AND  WOODY*  D.P.*  .BALLOON- 
BASED  MEASUREMENTS  OF  THE  COSMIC  BACKGROUND  R AD  I AT  I ON*NO  #* 

IEEE  TRANSACTIONS  ON  MICROWAVE  THEORY  AND  TECHNIQUES. 

VOL-  M TT  -2  2,  NO.  12-  1 04  6- 1.0  48  *DEC  1974*N0  #*WE  HAVE  DEVELOPED 
AND  FlOWN  A BALOON-BORNE  L I QU  I D-HEL  I UM- COOL  ED  SPECTROMETER  TO 
MEASURE  THE  COSMIC  BACKGROUND  RADIATION  IN  TF“  " " 


IT  FE  / 


A COOLED  HORN  ANTENNA,  A POLARIZING  MlCHELSON 
"D  A GERMANIUM  BOLOMETER.  THESE  DESIGN 
ERFOHMANCE  OF  THE  INSTRUMENT  ARE  DISCUS 


jatures 

INTERFEROMETER,  an 
features  and  the  p_..  _ _ ... 

2221718*MAIINKIN,  V.G.;  SOKOLOV,  A.V 


HE  3-18-CM  REGION. 


AND  SICKHONIN, 


ussed.** 

YE. V. * 


ATTENUATION  OF  SIGNAL  AT  THE  WAVELENGTH  LAMBDA  - 8.6  MM  IN 
HYDROMF.TEORS*NO  #*RADIO  ENG.  & ELECTRONICS  PHYSICS,  VOL.  21. 
NO.  4,  1-4*APR  1976*N0  #*THE  ATTENUATION  OF  RADIATION  AT  THE 
WAVELENGTH  OF  8.6  MM  WAS  INVESTIGATED  DURING  RAIN  AND  SNOWFALL 
ON  A 5.6  KM  LONG  LINK  IN  THE  VICINITY  OF  MOSCOW.  IT  WAS  SHOWN 
THAT  FOR  RAIN  OF  AVERAGE  INTENSITY  OF  1-8  MM/HR  THE  ATTENUA- 


) B . * * 
COMMUNICATIONS. 


VOL.  2. 


TION  ON  THE  LINK  WAS  ABOUT  0.8  , 

C131738*REED . WILLIAM  E.*MICROWAvL 

APRIL  1976  - MAY  1977*N0  #*NO  #*  _JUNE  197 7*NT I S/PS-77 /O 466* 
RESEARCH  REPORTS  PERTINENT  To  THE  TECHNIQUES,  EQUIPMENT, 
RELIABILITY,  AND  UTILIZATION  OF  UWAVE  COMMUNICATIONS  ARE  CITED. 
STUDIES  ON  MWAVE  RELAYS,  DATA  TRANSMISSION,  TELEMETRY 
SATELLITE  COMMUNICATION,  MULTIPLEXING,  AND  PROPAGATION  ARE 
INCLUDED.  THIS  UPDATED  BIBLIOGRAPHY  CONTAINING  100  ABSTRACTS, 
ALL  OF  WHICH  ARE  NEW  ENTRIES  TO  THE  PREVIOUS  EDITION.** 
C131728*REED , WILLIAM  E.*MICROWAVE  COMMUNICATION,  VOL.  I.  1964  - 
MARCH  1976  (A  BIBLIOGRAPHY  WITH  ABSTRACTS ) *N0  #*NO  #*NTIS/ 
PS-77/CM65*RESEARCH  REPORTS  PERTINENT  TO  THF  TECHNQUES, 
RELIABILITY,  AND  UTILIZATION  OF  MWAVE  COMMUNICATIONS  ARE  CITED. 
STUDIES  ON  UWAVE  RELAYS.  DATA  TRANSMISSION,  TELEMETRY 
SATELLITE  COMMUNICATION,  MUL T I PPLE X I NG , AND  PROPAGATION  ARE 

included.  (This  updated  bibliography  contains  221  abstracts, 

NONE  OF  WHICH  ARE  NEW  ENTRIES  TO  THE  PREVIOUS  EDITION.)** 
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56MfisiON°BYEBANDS,nF^P^r??,><I,MfJicMETt;0PS  0F  CALCULATING  TRANS- 

it§psM^erbA^;A^pts78irH^iiLS.Tgi?  Ip? L 

!Re.?«§?bibed 

a J P I Bf"isyw?®8  k 

B5iuADcnWn?2,'c^?^T^EkECTROMAGNETIC  SCATTERING  FROM  IRREGULARLY 

I liaHISIlIl^f a®*;;. 

ulgT?^  GENESAUZEDEBOUNDARVCCONDITIoST°M|EfKs|R;g^§E" 

S?S?Bf’sJMT{ft§  ^5^4pcEEGf8BsT"Ev  %E  r°  F 1 
!§!!'?»!, Sip«r?NNsJ8fB^EipSKi!D?N?H!o  S " L ««§T 

of  function  can  be  used  in  the  regions  in  retween0  tScE  set 

mSfar  Fn.iAT1?^  ARE  REDUCED  TO  ASEfOF  /^L*?) 

linear  Equations  where  l is  the  maximum  drhfp  of  tup  spwcp t r a i 

3^Ii!L,LSieDiD  I9.RKF?!BLIHEj?ATTERESR?fyE_4?ERlfsE»I  L 


onal  ray 


NO  #*NO  #*0CT  ' i'97'5oPB-248r  s'^^TH  I S REPORT  * DESCR  lRFS°  AMH  ArrnRATF 

versatile  Fortran  computer  program  for  tracing  rays  through  e 

t §P^R9R  ^ CME  p I UM  WHOSE  INDEX  OF  REFRACTION  VARIES  POM- 

TINUOUSLY  IN  3 D I RECT  IONS.  ALTHOUGH  DEVELOPED  TO  CALCULATE 
JHE  PROPAGATION  OF  RADIO  WAVES  IN  THE  IONISPHERE  THE  PRnCRAM 
CAN  EASILY  BE  MODIFIED  TO  DO  OTHER  TYPES  OF  RAY  TRArlNG°G 
BECAUSE  OF  ITS  ORGANIZATION  INTOSUBROUTINFS.THEDOCUMFN- 

equations#  flow  charts#  program  listings  with 

COMMENTS  . DEF J N I T I ONSOF  PROGRAM  VARIABLES#  DECK  SET  UPS« 
DESCRIPTION  OF  INPUT  AND  OUTPUT#  AND  A SAMPl  F CASF  »•» 

C^rnZo?? ID T D T I5GA  C • G . *M  I LL I METER  WAVE  SYSATEM  ELECTROMAGNETIC 
COMPATIBILITY  STUDY«CONTRACT  DH  A BO  7- 74  - c -0  17 1#  NO  #*JUN  1974* 

TWF9F?RST3nMADTc§E??PlD?RErENT^  THE  RESULTS  OBTAINED  DURING 
I«w#-£J-SGT„GyA5I^R  EFFORT  OF  THE  mm  WAVE  EMC  STUDY  THE  PFRIOn 
COVERED  IS  6 FEB  74-6  MAY  74.  THE  MAJOR  EFFORT  TM  TWE  FTRST 
DDnrliSc^ri?^^^  OF  THE:  COLLECTION  OF  DATA  FROM  PREVIOJS 
PROGRAMS  WHICH  ARE  REI  ATED  TO  THE  MM  WAVE  EMC  STUDY  AND  PRE- 
LIMINARY TEST  PLANNING  FOR  THE  EXPERIMENTAL  TEST  PROGRAM^  MM 
OPERATIONS  RELATIVE  TO  EMC  CHARACTERISTICS  IS  MM 

, ?^MD?SCZ^BEDTKfTalK°?KlRioCCUCS^riSNS  *ND  ,NT6"IN”°“S  ' 

AD-780  602*A  METHODOLOGY  FOR  QUANTITATIVELY  ESTIMATING  TMF 
PERFORMANCE  OF  MM  WAVE  ( 30-300  GHZ)  SYSTEM  I N THE  ATMOSPHERE 
AND  ON  THE  PRESENCE  OF  RAINFALL.  INFORMATION  ONTHF  TRANS- 
MISSION PROPERTIES  OF  MM  WAVES  IS  COMBINED  WITH  CURRENTLY 
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.UDED 

THE 


ESTABLISHED 
USING  REFLEC- 
RTAIN 
Y WAS 
THE 


AVAILABLE  METEOROLOGICAL  DATA  TO  DERIVE  THE  METHODOLOGY. 

THE  AVAILABLE  PROPAGATION  AND  RAINFALL  DATA  FOR  A GIVEN 
CLIMACTIC  REGION  ARE  USED  TO  DERIVE  CURVES  GIVING 
ATTENUATION  DUE  TO  RAINFALL  VS  PATH  LENGTH  FOR  VARIOUS  FRE- 
QUENCIES. EMPHASIS  IS  ON  HIGH  RELIABILITY  COMMUNICATIONS  IN 
WHICH  OUTAGES  ARE  0.1  PERCENT  (530  MM/YR)  OR  LESS » BUT  THE 
METHODOLOGY  DESCRIBED  APPLIES  TO  HIGHER  OUTAGE  SYSTEMS  AS 
WELL  . * 0 

5221719*V0GLER,  L.E.  AND  WOOD.  L.E.*35  GHZ  STRATOSPHFR I C 

PROPAGATION  _» ACC- AC0-3- 74 *NO  #*APR  1974*AD-779  519*A  RECORD 

TRANSLATION  OF  A RUSSIAN  PAPER  PURPORTS  TO  HAVE  ~ 

A NEW  LONG  WAVE  COMMUNICATION  LOOK  AT  30-45  GHZ 
TIONS  FROM  A STRATOSPHERIC  LAYER.  BECAUSE  OF  CE 
QUESTIONABLE  ASPECTS  OF  THAT  TRANSLATION,  A STUl 
UNDERTAKEN  TO  VERIFY  THE  ARTICLE.  IT  IS  CONCLl 
ARTICLE  WAS  A HOAX,  OR  THEY  WERE  MAKING  USE  OF 
WHISPERING  GALLERY  EFFECT.** 

222181 A*BRINKS,  W.J.«A  DISCUSSION  OF  EXCESSIVE  RAINFALL  ATTENUA- 
TIONS AT  MILLIMETER  WAVELENGTHS*H0L-TM-73-14*N0  #*JUL  1973* 
AD-776  342*THIS  IS  A DISCUSSION  OE  MIE-STRATTON  THEORY  OF 
E <5  M SCATTERING  OF  RAIN;  SOME  RUSSIAN  INVESTIGATORS  PRODUCED 
SOME  DATA  WHICH  IS  HARD  TO  UNDERSTAND  IN  THE  MTE  THEORY  USING 
DIELECTRIC  DATA  OF  WATER  THOUGHT  TO  BE  ACCURATE.  THE  AUTHOR 
POINTS  OUT  THAT  TRACE  POLLUTANTS  IN  THE  WATER  MAY  HAVE  ALTERED 
THE  RAIN  CONDUCTIVITY  GIVING  THE  HARD-TO-UNDERST AND  RESULTS. 
WAVELENGTH  COVERAGE  .86  MM  - 8 MM.  THE  COMPLEX  INDEX  OF  WATER 
IS  GIVEN  VS  WAVELENGTH.  25  REFS.** 

9317319*H0UCK,  J.R.;  SOIFER,  8 . T . AND  HORWIT,  M.O.*THE  FAR 
INFRARED  AND  SUBMILLIMETER  B ACKGROUND*NO  #*NO  #*SEPT  19 
AD-763  139*WE  HAVE  REPEATED  OUR  EARLIER  OBSERVATIONS  OF  THE 
IR  AND  SUR  MM  BACKGROUND  RADIATION.  WHILE  THE  MEASURED  VALUES 
OF  THE  IR  BACKGROUND  REMAIN  UNCHANGED,  WE  HAVE  FAILED  TO 
OBSERVE  THE  HIGH  FLEX  PREVIOUSLY  REPORTED  FOR  THE  0.4-1. 3 MM 
RANGE.  THIS  INDICATES  THAT  THE  FLUX  CANNOT  HAVE  BEEN  GALACTIC 
OR  COSMIC^SUT^FURTHER  OBSERVATIONS  ARE  NEEDED  TO  RUB  OUT  A 

_ SOLAR  CYCLE  DEPENDENT  GEOCORONAL  ORIGIN.** 

51 31 81 6*  NO  # *PROP A G A T f ON  EFFECTS  ON  FREQUENCY  SHAR ING*AG ARD-CP- 
127*N0  #*1973*AD-769  376*THIS  IS  AN  AGARD  CONFERENCE  PRO- 
CEEDING COVERING  4 AREAS:  1)  PROPAGATION  OVER  IRREGULAR 
TERRAIN.  2)  INTERFERENCE  DUE  TO  PRECIPITATION  SCATTER,  3) 
CONTROL  OF  ANTENNAE  SI DELOBES , 4)  PROPAGATION  DATA  FOR  INTER- 
FERENCE PROBABILITY  DETERMINATION.** 

B315818*SHCHERB0V , V. A.  AND  IKULESHOVE,  E . M . *MEASUR I NG  THE 
DIELECTRIC  CONSTANT  OF  MATERIALS  IN  THE  M I LL I METER  WAVE 
RANGE  (1-6  MM ) « N 0 #*NO  #*M AR  l971»AD-727  941*A  PROCEDURE  IS 
INVESTIGATED  FOR  MEASURING  THE  DIELECTRIC  CONSTANT  F OF 
HOMOGENEOUS  AND  INHOMOGENEOUS  SUBSTANCES  USED  IN  THF  MM  AND 
SUB  MM  WAVE  RANGE.  THE  DETERMINATION  OF  E IS  BASED~ON 
MEASURING  THE  OPTICAL  THICKNESS  OF  THE  SAMPLE  AT  THE  UWAVE 
PHASE  SHIFT  CAUSED  BY  THE  STEP  OF  THE  INVESTIGATED  SAMPLE.** 

433181D*STEWART . D . A . * I NFR ARED  AND  SUBMILLIMETER  EXTINCTION 
BY  F0G*DRDMI-TR-77-9*N0  #*  JUL  1977cAD-A045  181* A THOROUGH 
LITERATURE  SURVEY  OF  FOG  DROP  SIZE  DISTRIBUTIONS  THROUGHOUT 
THE  WORLD  IS  DISCUSSED,  AND  DATA  FROM  36  REFERENCES  ARE 
SUMMARIZED.  THE  REVIEW  OF  AN  EXTENSIVE  LIST  OF  OVER  100 
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§f£i£lNnrS,  INCLUDES  ADDITIONAL  IMPORTANT  INFORMATION. 

RANGES  OF  LIQUID  WATER  CONTENT  AND  PROBLEMS  OF  RELATING 
THIS  TOVISIBILITY  ARE  EXAMINED.  CHANGES  IN  FOG  CHARACTER- 
?HASE  T0  PHASE  AND  from  TIME  TO  TIME  ARE  ALSO 
CONSIDERED^  AND  THE  DISCUSSION  INCLUDES  SMALL-SCAL  F SPATIAI 
AND  TEMPORAL  FLUCTUATIONS?  A REPRESENTATIVE  SAMPLE  OF  DATA 

i1  cwnuT^  nr  n °k£U Tf n EcT  1 o 51  1 °N  SE  E«-2  M ENERGY  WITH  WAVE" 
Di^^nnPfr-P.*5^  10’5'  870-  AND  1250  UM  . * * 

B11161G*B0l_LEN > R.L.,  HATFIELD,  V.E.  AND  CHESNUT,  W G »PRE- 

RKI,c^ig^ir2^K,i^rESTs  produced  by  the  dice  throw  detonation 

ON  EXPERIMENTAL  MICROWAVE  LlNKS*NO  #*NO  #*SEPT  1976*AD- 
A 0 40  907»THE  DUST  CLOUDS  PRODUCED  BY  NEAR  SURFACE  NUCLEAR 
|XPL9in°TM  ^qR^LAROEYIELDH  »e . SIMULATIONS  OF  THESEARE 
?iTi^IrFiiiT1,??9^r.TSr-P1RO?UPEoP5EDICTI°NS  OF  PHASE  AND  AMPLI- 
JHRl..p!i^£TyATI  ONS  OF  UWAVE  SIGNALS  (10  GHZ)  THAT  TRANSIT 

I^^Sjhese  clouds,  quantitative  Predictions  are  made 

c vocnTcn  iyEnrEI,lCAL  PREDICTIONS  OF  THE  DUST  CLOUD  THAT  IS 
EXPECTED  TC^BE  PRODUCED  BY  the  600  for  anfo.  he  test 
CODE  NAMED  DICE  THROW.  THES  „E  PREDICTIONS  ARE  MADE  FOR  THE 
PATHS  AND  FREQUENCIES  THAT  WILL  BE  USED  IN  AN  EXPERIMENT  AL 
PROBING  BY  UWAVE  LINKS  OF  THE  DICE  THROW  DUST  CLOUD  A ~ 

GIVEN  IN  ORDER  TO  DETERMINE  THE  DETONATION  ALTITUDE  OF  A 
Q/J^fAEnDEX££frJHAI  WILL  BE  SIMULATING  THE  DICE  THROW  TEST.** 
B636814*N0  ^OPTICAL  PHENOMENA  IN  INFRARED  M A TER  I ALS*NO  #*NO  #* 
1976*AD-A037  737*A  DIGEST  OF  THE  TECHNICAL  PAPERS  PRESENTED 
AT  A TOPICAL  MEETING  ON  OPTICAL  PHENOMENA  IN  IR  MATERIALS, 
c DEC,l-3{  1976.  ANNAPOLIS,  MD,  206  PGS.** 

51 3l836*B I OND I » M. A.*ATOMIC  AND  MOLECULAR  PROCESSES  IN  ATMO- 
SPHERIC ENV IRONMENTS«DA-31-l24-ARO-D-440&NO  #*SEPT  1975*AD-A017 
206»ThE  RESEARCH  TOPICS  CARRIED  OUT  UNDER  THIS  10-YEAR 
P9yi3»A.2To^S,H.  S T A T E D AND  REFERENCES  ARE  GIVEN  TO  THE  PUBLI- 

inS^cg§?HiiElN§R|Re?sT^.5!sg4RCH-  ^ supported 

2SUBMILLyMETERRREiEARCH?EANPROPAGATiONAB?BUOGRAPPHYLl*RR-77-3* 
1976*AD-A037  178*THIS  REPORT  ISAN  ANNOTATED  BIBLIO- 
GRAPHY ON  THE  SUBJECT  OF  SUB  MM  PROPAGATION.  SEVERAL  ART  CLES 
^£o5590^Ey9ED,-AS  l GOOD  STARTING  POINT  FOR  REVIEWING  THE 
CURRENT  STATE  OF  THE  ART.  136  REFS.** 

C3l2117*GyENTHER,  B . D . *SUBM I LL I METER  RESEARCH:  PRELIMINARY 

REPORT  ON  MILLIMETER  AND  I R*RR-77-4»N0  #*NOV  1976*AD-A035  760* 

a summary  of  the  type  of  images  obtained  at  3.2  mm  anq 

10.6  UM  ARE  PRESENTED  ALONG  WITH  SAMPLES  OF  THE  IMAGES. 
RESOLUTIONS  OBTAINABLE  WERE  10  CM  WITH  THE  3-2  MM  RADAR, 

5 CM  WITH  THE  10.6  UM  LASER  RADAR,  AND  4 CM  WITH  VISIBli 
LIGHT.** 

56318l6*D0WNS«  A.R.*A  REVIEW  OF  ATMOSPHERIC  TRANSMISSION  INFOR- 
MATION..^ THE  OPTICAL*BRL-MR-27lO*NO  #*DEC  1976*AD-A035  059* 

IS  AN  ATTEMPT  AT  CONSOLIDATION  OF  A LOT  OF  INFOR- 


THIS  REPORT 


MAT  I ON  OF  ATMOSPHFRIC  ATTENUATION;  IN  WAVEBANDS  FROM  THE 
VISIBLE  TO  9 GHZ.  IT  DISCUSSES  ATTENUATION  DUE  TO  R A I N » SMOKE 
DUST . RECOMMENDATIONS  FOR  FURTHER  MEASUREMENTS  ARE  GIVEN.** 
C211718*FLIEGLER,  E.*A  60  GHZ  DIGITAL  FM  SIMPLEX  SYSTEM*ECOM- 
4434 *NO  #*SEPT  1976*AD-A033  115*A  60  GHZ  DIGITAL  FM  SIMPLEX 
RADIO  UTILIZING  WAVEGUIDE  IS  DESCRIBED.  THE  SYSTEM  IS 
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OPERATIONAL  AND  WILL  BE  USED  AS  A REFERENCE  TO  BE  COMPARED 
WITH  FUTURE  INTEGRATED  CIRCUIT  AND  HYBRID  MM  RADIOS. 

A GUNN  LOCAL  OSCILLATOR  WAS  DEVELOPED  WHICH  AFFECTS  SIG- 
NIFICANT RECEIVER  NOISE  REDUCTION.  SUBSYSTEM  MEASUREMENTS 
SHOW  GOOD  CHARACTERISTICS  FOR  1 KM  PROPAGATION.** 

56?682G*BI SSONNETTF,  L . R . *PROB AB IL I T Y DISTRIBUTION  AND  ASYMP- 
TOTIC VARIANCE  OF  STRONG  I RRAO I ANCE  FLUCTUATION  OF  OPTICAL 
WAVFS  IN  TURBULENT  MED  I A *DRE V -R- 4 0 A 2 / 7 5 * NO  #*OCT  1973* 

An-A0?l  126*THE  ASYMPTOTIC  SOLUTIONS  FOR  THE  FIRST  AND  SECOND 
CODE  STATISTICAL  MOMENTS  OF  THE  AMPLITUDE  OF  A PLANE  OPTICAL 
WAVE  PROPAGATING  IN  A TURBULENT  ATMOSPHERE  ARE  DERIVED  FROM 
MAXWFI  LS  EQUATION.  THESE  SOLUTIONS  SHOW  THAT  THE  I R R A D I ANCE 
VARIANCE  WOULD  DIVERGE  TO  INFINITY  IF  THE  PROBABILITY  DIS- 
TRIBUTION WERE  LOG-NORMAL*  RUT  THAT  IT  COULD  TEND  TO  UNITY 
IF  THIS  DISTRIBUTION  WERE  NORMAL.  THEREFORE-  THE  WIDE.Y 
USED  HYPOTHESIS  OF  LOG-NORMAL  PROBABILITY  DISTRIBUTION  IS 
INCOMPATIBLE  WITH  THE  EXPERIMENTAL  OBSERVATION  OF  THE 
SATURATION  OF  THE  I R R A D I ANCE  VARIANCE.  AN  ORDER  OF  MAGNITUDE 
ESTIMATE  OF  THE  PROPAGATION  DISTANCE  CHARACTERISTIC  OF  THESE 
ASYMPTOTIC  SOLUTIONS  INDICATE  THAT  THEY  SHOULD  APPLY  IN 
THE  SATURATION  REGION.  22  REFS.** 

952541 G*PASSCHIER<  W.F.;  HORIJK,  D.D.;  AND  MANDEL-  M . * TH E 
DETFRMlNAtlON  OF  COMPLEX  REFRACTIVE  INDICES  WITH  FOURIER- 
TRANSFORM  INTERFEROMETRY  IV;  ERROR  ANALYSIS  OF  FREF  LAYER 
FXPERlMENTS*NO  #*INFRARED  PHYSICS.  VOL.  16,  339-401*1976* 

NO  #*AN  ANALYSIS  IS  PRESENTFD  OF  THE  ERRORS  IN  THE  COM?. EX 
REFRACTIVE  INDEX  SPECTRUM  OF  LIQUIDS  IN  THE  FAR  I.R.  REGION 
( ? - . 0 0 2 MM,  5-500  CM  - 1 ) AS  DETERMINED  BY  FREE  LAYER 
EXPERIMENTS.  THE  SPECIMEN  TRANSMISSION  METHOD  IS  FOUND  TO 
RE  the  MOST  RELIABLE  IF  EDITING  METHODS  CAN  BF  APPI  TED. 

IT  IS  FURTHER  CONCLUDED  THAT  REPEATING  OF  A SINGLE  MEASURE- 
MENT IS  NOT  NECESSARY,  BUT  THAT  EXPERIMENTS  AT  SEVERAL  SPECI- 
MEN THICKNESSES  IS  OBLIGATORY.  IT  IS  SHOWN  THAT  THE  ERROR 
DUE  TO  THE  VAPOR  PHASE  ABOVE  THE  LIQUID  SPECIMEN  CAN  BE 
QUITE  SUBSTANTIAL.  A COMPARISON  OF  THE  ERROR  ANALYSIS  WITH 
SOME  EXPERIMENTAL  RESULTS  IS  GIVEN  FOR  BROMOFORM,  CHLOROBEN- 
ZINE  AND  METHANOL.** 

951641A*AFSAR,  M.N.:  CHAMBERLAIN,  J.;  AND  HASTED,  J.3.*THE 
MEASUREMENT  OF  THE  RFFR  ACT  I ON  SPECTRUM  OF  A LOSSY  LIQUID  IN 
THE  FAR  INFRARED  REG  I ON*NO  #* I NFRARED  PHYSICS-  VOL.  16, 
587-599*1976* NO  #*DISPERS!VE  FOURIER  TRANSFORMS  SPECTROMETRY 
FOR  THF  DETERMINATION  OF  THF  REFRACTION  SPECTRUM  OF  A LOSSY 
l IQUID  IS  DESCRIBED.  THE  PRINCIPLE  OF  FIRST  ORDER  SUBTRACTION 
PROCFDURE  AND  FULL  DETAILS  OF  HOW  TO  USE  IT  WITH  SAMPLED 
INTERFEROGRAMS  ARE  GIVEN.  THE  NEW  RESULTS  JON  CHLOROBENZENE 
FOR  1/LAMBDA  = 30  CM-1  TO  HO  CM-1)  ARE  COMPARED  WITH 
RESULTS  OBTAINED  USING  OTHER  TECHNIQUES.** 

943551D*EVANS.  M.  AND  DAVIES-  G . J . »FFFECT  OF  PRESSURE  AND 
TEMPERATURE  ON  THE  I NTERMOLECULAR  MEAN  SQUARE  TORQUE  IN 
LIQUID  CS2  AND  CCL4*N0  #*JOURNAL  OF  THE  CHEMICAL  SOCIETY  OF 
LONDON-  FARADAY  II,  VOL.  72,  1206-1213*1976«NO  #*THE 
EFFECTS  OF  TEMPERATURE  AND  PRESSURE  ON  THF  I NTERMOLE  CUl  AR 
MEAN  SQUARE  TORQUF  IN  LIQUID  CS2  AND  CCL4  ARE  ESTIMATED 
USING  THE  INDUCED  ABSORPTION  BANDS  OF  THESE  LIQUIDS  IN  THE 
MM  BAND,  2-300  CM-1  (.5  CM  - .00333  CM).  THE  SPECTRUM  WAS 
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LIQuirpHEUu!!  JoHDESPUsGBUDEBT^?^N5ASCU5IErFTORF2E-??ECT^;.# 

iillvE^iSf^  Si  y^cipS«NDo?i^AVj-§f")iREcT 


R£ 

ME 


rJ5?^WW^  8W0  sgi*  * - 

WITH  PHASE  MODULATIONS^  (83  UM>  Wl™  A CU0E  INTERFEROMETER 

Msi»r«^N§U?fe  HG;DLRO*GENArY'IM^^f.DstARf^O/C?«NM/yNR,5$rON 

MSB  fgA««S*i?itiiiMtlisx?Hik &k A JIt?NG 

5J|*°»|JixA«ANpTIrI^°LA"|^ilLK°"‘6l‘’§N°?HTE“t 

56QTMn?cQ^r?Qloi  R -L . ^COMBINED  MICROWAVE  - INFRARED  SOUNDING 

«PL^Ei!T*AJfl?oJ?A7SD*ACD5ig??Tli;iI?^  CF 

f.NS? joTyif^&I^  ^saetI1JAc^H8P  ¥?S, 

Psemi^^nJrT^I?gVdetfh8rd  { S^elV?! i V I • 

RADIOMETR ICRDAT  A , **  0 ELY  SENSED 

'■HITlAScER?NDARADiiNCE:DHETHS8s'0?'EA^urATI0E2J0Nl8i??' 

?^c^Jif^Tsa6?isI;?s^MijTTr?sEA?^ER^if#Ir?brER 

I Rg;I8|-A!-ip^^T?i;HMJMIiiRpi  I n ™AT- 

DESCRIBED3**6 ' * 8’  lN  WHICH  SPECIFIC  METHODS  ARE 

56£n§H**^i,E'  RONALD  L.*OPTICAL  BEAM  PROPAGATION  IN  TnRRIJi  cut 
MEDIA* AFCRL-TR-75-0439»NO  ,#*AUG  1975* ADr AO? 8 06lIwE  HAVE 


DISCUSSED  AND  EXTENDED  THE  MOST  RFrFWT  npOpfnPMCMT1 
SUCHAASTTMP°£l  P4DVATMn£c.[]cIlCAL  REAMS  IN  TURBULENT 

?REHB^ASMTg^ii^BGfT^ASEHKNDERSPSsST^ 

liLLAHONS.  ANGLE  OF  ARRIVAL  VARIATIONsSSnD  SHORT 


ON  THE 
MEDIA . 
CONSIDERED 
SC  I N- 
PULSE 
OF  COM- 


A!=S0  INCLUDED  is  A DISCUSSION  OF  METHODS 
«D  iJIgInS  SYSTEESFEC17fREFE?ENCE5E.5N  COMMUNICATIONS 

p * T?^°gAT?|RHA!lnBH6oJNDS^8NlREnffIo^^ONSI.BC^53Nf  I9V^- 

AD-A018  386*  TH I S IS  A COMPILATION  OF  ION-NEUTRAL  REACTIONS 
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RATE  CONSTANTS  OF  ATMOSPHERICALLY  IMPORTANT  SPECIES  THF 

^AN|PIiTI^fi5NSE£lfgS;iYEi^A?gA?!§TiR- 

SsSOCIATl5STiEACT!ONlMI"L  REARR1NGE^NTS)  AND  3-BODY 
C1U119»SK0LNIK*  M.i.*REVIEW  OF  CURRENT  RADAR  INTERESTS  AND 

EXTENDING  THE  RADAR  SPECT *NRL-M5/R-?869«N0  # * A UG  1 97 4* AD  - 

7B5-007*THIS  REPORT  CONSISTS  OF  TWO  PAPER  THAT  ARE  CONCERNED 
WITH  CURRENT  RADAR  INTEREST.  IN  ONE  PAPFR,  THE  VARIOUS  MAJOR 
APPLICATIONS  ARE  DESCRIBED  AND  A LISTING  OF  CURRFNT  PROBLEMU 
''REAS  ARE  GIVEN,  THE  OTHER  PAPER  DISCUSSES  THE  EXTENSION 
of  Radar  outside  the  normal  ijwave  bands  to  includf  the 

AND  0NE  EnD  0F  THE  SPECTRUM  AND  MM  WAVES  AT  THE 
OTHER  END,** 

?5?581A*DE IRMENDJIAN,  D.*FOR  INFRARED  AND  SUBMILLIMETER 
SCATTERING.  I.  THE  OPTICAL  CONSTANTS  OF  WATER.  A SURVEY* 

NO  #*NO#*FEB  1974*AD-787  ?05*THIS  IIS  A LITERA- 
TURE SURVEY  OVER  THE  OPTICAL  CONSTANTS  OF  LIQUID  WATER  FROM 
15U  TO  100  0U  IN  1974.  HE  CONCLUDES  THAT  THE  CONSTANTS  A RF 
FAIRLY  WELL  KNOWN  IN  THE  ENTIRE  RANGE  UP  TO  MM  WAVES. 

OPTICAL  CONSTANTS  FOR  ICE  IN  THE  SAME  WAVELENGTH  RANGE  ARE 


S ARE  NON  SPHERICAL  AND  PRESENT 
EXOTIC  SHAPE  THER  CRYSTALS 


LESS  WELL  KNOWN;  ICE  PART  I CL 
THEORY  DOES  NOT  EXIST  FOR  TH 
TAKE . »« 

CiJ 411D»dyaNA . A. C-* RADAR  REFLECTIVITY  MEASUREMENTS  SYMPOSIUM, 
M • 1 • T . j 1964*R ADC  TDR-64-23,  VOL.  I*NO  #*APRIL  1964*AD  601 
364»THlS  REPORT  IS  A COLLECTION  OF  TECHNICAL  PAPERS  REVIEWE 
AND  DISCUSSED  AT  THE  SYMPOSIUM  ON  RADAR  REFLECTIVITY  MEASUR 
ME NTS  ON  JUNE  2-4,  1 o 6 4 AT  MIT.  THE  PRIME  GOAL  OF  THE 
SYMPOSIUM  IS  THE  EXCHANGE  OF  IDEAS  AND  INFORMATION  RELATIVE 
IP  PEn*DRnPr-EpFORTS  . PAST,  PRESENT  AND  FUTURE  IN  THE  FIELD 
OF  RADAR  REFLECTIVITY  MEASUREMENTS.  THE  TECHNICAL.  PAPERS 
DWELL  ON  THE  FOLLOWING  REFLECTIVITY  RANGE  SUBJECTS:  GEOMETRY 
AND  TECHNIQUES.  SPECIAL  EQUIPMENT,  MODELS.  MODEL  SUPPORTS. 
SPECIAL  MATERIALS,  CALIBRATION,  RANGE  I NTE RC AL I BR A T I ON , 
PROCEEDING  DATA  STANDARDS,  CORBEL  AT  ION  AND 
APPLICATIONS.** 

B1 25869 * BE LLEMANS,  A »S T A T I ST  I C AL  THEORY  OF  ELECTRIC  POLARI- 
ZATION^W-31-104-EIV  6-38*N0*AUG  1967*ANL-7381*TH!S  REPORT 
CORRESPONDS  TO  A SERIFS  OF  SIX  LECTURES  GIVEN  TO  THFMEMBERS 
P » D^HpMS?hrD, PItTP  SCIENCE  DIVISION  OF  ARGONNE  NATIONAL 
LABS  IN  AUG  1967.  THE  MATERIAL  PRESENTED  HERE  GIVES  A 

PPVnrci  cp-rl  T PePR£SEPT  SITUATION  IN  THE  STATISTICAL  THEORY 
OF  DIELECTRICS,  AS  FAR  AS  LINEAR  FFFECTS  IN  THE  FIFLD  ARF 
CONCERNED:  THEORY  OF  THE  STATIC  DIELECTRIC  CONSTANT-.  AND 

-OF  THE,  DYNAMIC  (FREQUENTLY  DEPENDENT)  DI  ELECTRIC  FUNCTION . ** 

521681 AwLEE.  R . W . *RAD I O-WAVE  PROPAGATION  PATH* CONTRACT  AFlU 
( 628 ) -5054*NO  #*D EC  l967»AD-669  101*THIS  IS  THE  SECOND  HALF 
OF  A REPORT  ON  MEASUREMENT  OF  ATMOSPHERIC  TURBULENCE  AT 
35  GHZ,  OVER  A 2 8 KM  L I NE- OF -S I GHT  PATH  WITH  A 2800  - 
k,A,M5PAAr9  ELEMENT  RECEIVING  ARRAY.  BOTH  THE  MEASURFD 
PHASE  STRUCTURE  FUNCTION  AND  MEASURED  AMPLITUDE  COVANANCP 
ARE  COMPARED  WITH  THEORETICAL  MODFLS  OF  ATMOSPHERIC  STRUC- 
TURE INVOLVING  A SPECTRAL  DENSITY  TO  SOME  POWER  (-11/3?  IN 
THE  CASE  OF  THE  KOLMOGOROV  SPECTRUM)  OF  THF  TURBULENCE 
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wavenumber. # * 

94364 19»AFSAR*  M.N.;  HASTED,  J.R.;  7 A F A R , M s • ANn  pwamBcd 

sbllor36[?vtb£h?\ 

8r5e|W- 5LiS{j?g‘cHiH^8f^SAU.B0^I^SfoRKcS^kESE5|[,g|gTiYE 

20  DEG  C BY  DISPERSIVE  FOURIER  TRANSFORM  SPFr TRO^OnP y 1 \i  tup 
WAVE  NUMBER  REGION  20-350  CM-1  (0.5  MM-  28  5 UM ) ^fOI  E -OOI  F 
F!n  i^c^r^"  (GAMMA)  VS  E ' (GAMMA))  ARE  CALCULATED  FOR  BOTH 
n3tLI99ID£uFRSP  THE  REFRACTION  MEASUREMENTS.  **  b R H°TH 
u r’  o,;  AFSAR.  M.N.;  MURRAY,  D.R.;  PRICE,  G.n 
AND  ZAFAR,  M.S.^SUBMILLIMETER-WAVE  DIELECTRIC  MEASURFMFNTF 

TATTnM05®ic9eMnJFR^Al-^*NO  I EEE  tran§ act i on  ON  INSTrUMEN- 
JATION  i MEASUREMENTS,  VOL'  IM-23,  NO.  4,.  483-487*DEC 

IS  GIVEN  of  present  devflopmfnts  on 

DISPERSIVE  FOURIER  TRANSFORMS  & TECHNIQUES  FOR  THE  MEASURF- 

T^wncv0^MTTucFDfMrINCY  VARIATION  OF  THE  COMPLEX  REFRACTIVEF 
INDEX  IN  THE  RANGE  100  GHZ  - 9 TH7.  THIS  PAPER  PFAl  S WITH 
MEASUREMENTS  OF  THE  REAL  PART  NCGAMMA)  OF  THE  COMPLEX 
oIm7cSc  VlTi^n,X- .MATERIALS  CONSIDERED  ARE  L I QU  I D CHLORO- 
o,(?Io?£NIa  ETHANOL  AND  POTASSIUM  BROMIDE  (CRYSTAL). »* 

2 4 1 58 1D*D A V I E S » M,;  PARDOE,  G.W.F.;  CHAMBERLAIN.  J * ANO 

GEBBIE.  h.a.*submillimeter  and  millimeter  wave  absorption 

GF  SOME  POL AR  AND  NON-POLAR  LIQUIDS  MEASURED  RY  FOURIER 
TRANSFORM  SPECTROSCOPY »NO  #*FARADAY  SOCIFTY,  l ONPON  TRANS 
ACTIONS  NO.  566,  VOL.  66,  273-292*FEB  1 97 0* NO  #* AN  ASSESS- 
MENT OF  THE  FOURIER  TRANSFORM  SPFCTROMETER  SHOWS  ITS  AO-" 
VANTAGES  FOR  APPLICATIONS  TO  THE  MILLIMETER  WAVE  RFGION 

F A ABSORPTION  SPECTRUM  ARE  OBTAINED  FROM  50  CM-1 

IP.  ? (.20  MM  - .5  CM)  IN  SOME  CASES.  RESULTS  FOR  WATER, 

ANAL  I NE , 1-4  DIOXAN,  CYCLOHEXANE.  DECAHYDRONAPHTHALFNE  . 

DIMETHYL  ACETYLENE  (2  BUTYNE).  AND  1-OCTYNE  ARE  REPORTED 
AND  CONSIDERED  IN  RELATION  T0  EARL IER  MI CROWAVE  DIELECTRIC 
DATA.  ■»  * 

B4^m,15'"  AFsARf  M ,N . ; HONIJK,  D.D.;  PARSCHIER,  W.F.;  AND 
P,?yT?ni’cJ';u9I§CiooIVE  FOURIER  TRANSFORM  SPECTROMETRY  WITH 
Y£§IA?kf  ™ICKNESS  VARIABLE-TEMPERATURE  LIQUID  CFL1  S#N0 
»ffEnJRM^SAPTI9^l  2N  MICROWAVE  THEORY  AND  TECHNIQUES.  VOL. 
SLT,r^5*n2An^-!.r^05_511*JUNE  *977«N0  ^MEASUREMENTS  OF  THE 
E9SIR«k.B§25EIJ.9M  COEFFICIENT  and  INDEX  OF  REFRACTION  WERE 
rrtEEn?Kt?l?HANAyM  ANP  LIQUID  CHLOROBENZENE  AT  25  DEG  C 
F 0R  RAD I A T ION  OF  WAVE  NUMBER  20  CM-2  TO  180  CM-1  ( 500  UM  - 
55.5  UM)  USING  ROLLIN  AND  G LAY  DETECTORS.  THE  LIQUID  CELL 

TWTPDrPpRMCTCDRPNT  0F  0NE  °F  THE  MIRR0RS  OF  THE  MICHELSON 
INTERFEROMETER • * * 

92158?F«KEATZE , U. ^DIELECTRIC  RELAXATION  IN  AQUEOUS  SOLUTIONS 
9^P0k^INYLPYRR°LIDONE»NO#. /ADVANCES  IN  MOLECULAR  RELAXA- 
TION PROCESSES  7,  71-85*1975*N0  #»THE  COMPLEX  DIELECTRIC 
CONSTANT  OF  AQUEOUS  SOLUTIONS  OF  POL YV  I NYLPyRROL I DONE 
(SOLUTE  CONCENTRATIONS  C BETWEEN  1 AND  5.5  MOL  L-1)  AND  1-ETHYL 
-2-PYRROL  I DONE  (C-5-5  MOL  L-1)  HAS  BEFN  MEASURED  AS  A ' 

FUNCTION  OF  FREQENCY  BEtWEEN  50  MHZ  AND  70  GHZ  AT  25  C. 
PROCEEDING  FROM  AN  ANALYSIS  OF  THE  FREQUENCY  DEPENDENCE 
OF  THE  PERMITTIVITY.  THE  EXTRAPOLATED  HIGH  FREQUENCY 
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permittivity  of  the  solutions,  the  extrapolated  low 

FREQUENCY  PERMITTIVITY  OF  THE  SOLVENT  WATER  AND  THE  RE- 
ORIENTATION TIME  OF  THE  WATER  MOLECULES  INFLUENCED  BY  THE 
SOLUTE  PARTICLE  ARE  DISCUSSED.  EXPERIMENTAL  METHODS  OF 
MEASUREMENTS  ARE  ALSO  DISCUSSED. *» 

921583B* STAMPER,  ULR  I CH*D I EL  EC TR I C ABSORPTION  OF  LIQUID  NORMAL 
CELKANES  IN  THE  MICROWAVE  AND  FAR  INFRARED  REGIONS  _* 

NO  #*ADVANCES  IN  MOLECULAR  RELAXATION  PROCESSES  7,  189-208* 
1975*N0  ^MEASUREMENTS  WERE  MADE  OF  THE  COMPLEX  PERMIT- 
TIVITY E=E'(1-GTAN  DELTA)  AT  VARIOUS  TEMPERATURES  AT  FRE- 
QUENCIES GAMMA  OF  28,  38,  50,  56,  70,  AND  138  GHZ  IN  THE 
MICROWAVE  REGION  WITH  AN  OVERSIZED  CAVITY  RESONATOR.  IN  THE 
FAR  IR,  TWO  BECKMAN  FOURIER  SPECTROMETERS  WERE  USED)  THE 
FREQUENCY  RANGE  FROM  600  TO  1500  GHZ  WAS  SCANNED  BY  A 
LAMELLAR  GRATERY  TYPE  LR  100.  FOR  THE  2000-6000  GHZ 
REGION,  A MICHELSON  INTERFEROMETER  WAS  USED.** 

921 151E* JONES  > M.C.*FAR  INFRARED  ABSORPTION  IN  LIQUIFIED 
BASES* NO  #*NBS  TECH  NOTE  3 90  * APR  1 1.  1970*N70-29103* JONES 
THE  far  IR  ABSORPTION  SPECTRUM  OF  THE  LIQUIDS 
(3-PARA  CONCcNTRA  T I QNS ) , NITROGEN,  OXYGEN,  CARBON 
' ARGON  in  THE  WAVE  NUMBER  RANGE  20- 
ADDITIONALLY,  DATA  FOR  LIQUID 
WAVE  NUMBERS  UP  TO  600  CM-1 
RESULTS  ARE  DISCUSSED  IN  TERMS  OF  THE 
AND  IN  THE  USE  OF  CARBON  MONOXIDE,  THE 


MEASURED 
HYDROGEN 
MONOXIDE 
250  CM-1 
HYDROGEN 
(16-7  UM) . THE 
INDUCED  DIPOLE, 


METHANE  AND 
(40-500  UM ) ; 
ARE  GIVEN  AT 


PERMANENT  FIPOLE.  A LITTROW  MOUNTED  F/28  GRATING  MONO- 
CHROMETFR  WAS  USED  A GOLAY  CELL  WAS  USED  AS  A DETECTOR. 
CRYSTAL  QUARTZ  WAS  USED  AS  WINDOWS  ON  MOST  OF  THE  MEASURE- 
MENTS; A POLYETHELENE  WINDOW  WAS  FINALLY  M A pE  TO  WORK  ON 
THE  EXPERIMENT  ON  LIQUID  HYDROGEN.** 

B11581 1 *NO  #*DI  ELECTRIC  PROPERTIES  OF  8ASALT  POWDERS*NAS A- 
CONTRACT  NASB-25119/A  D LITTLE  CO.*NO  #*JUNE  1,  1970* 
N70-32144*D I ELECTRIC  CONSTANTS  OF  CRUSHED  BASALT  POWDERS 
WERE  MEASURED  AT  X BAND  (3.2  CM)  AND  K BAND  (1.2  CM)  FOR 
POWDERS  SIZED  INTO  3 GROUPS  (0-37  UM,  37-63  UM.  AND  63- 
125  UM)  IN  DIAMETER.  MEASUREMENT  OF  THE  ATTENUATION  FOR 
EACH  SAMPLE  SIZE  RANGE  WERE  MADE,  AND  THE  DIELECTRIC 
CONSTANT  E',  AND  THE  LOSS  TANGENT  DELTA  WERE  CALCULATED. 

THE  MEASUREMENTS  WERE  PERFORMED  IN  A DRY  NITROGEN  ENVIRON- 
MENT AT  ROOM  TEMPERATURE.  THE  DIELECTRIC  CONSTANT 
RANGED  FROM  1.6  TO  3.3.  E'*  THE  RED  PART  OF  THE  DIELECTRIC 
CONSTANT,  INCREASED  REGULARLY  WITH  INCREASING  DENSITY. 

THERE  WAS  NO  SIGNIFICANT  DIFFERENCE  BETWEEN  THE  RESULTS 
OF  X AND  K BAND  MEASUREMENTS.  THE  DIELECTRIC  CONSTANT  IS 
INDEPENDENT  OF  PARTICLE  SIZE.  TAN  DELTA  INCREASED  WITH 
INCREASING  DENSITY;  THERE  WAS  APPARENTLY  NO  DIFFERENCE  IN 
DELTA  FROM  X BAND  TO  K BAND,  OR  DID  IT  VARY  WITH  PARTICLE 
SIZE.** 

941 141B* FLEMING,  J.W.  AND  NEILL,  G . F . *FAR-SPHER I CAL  ROTATIONAL 
SPECTRA  OF  SOME  FREONS:  CHLOROTR IFLUOROMETHANE , DICHLORO- 
DIFLUOROMFTHANE  AND  TRlCHLOROFLUOROMETHANE*NO  #*JOURNAL  OF 
MOLECULAR  SPECTROSCOPY  59,  49 3- 5 0 1 * 19 76 *NO  #* THE  FAR  I.R. 
ROTATIONAL  SPECTRUM  OF  THESE  FREONS  HAVE  BEEN  OBSERVED  WITH 
A FOURIER  TRANSFORM  SPECTROMETER  IN  THE  REGION  10-40  CM-1 
AT  A RESOLUTION  OF  .07  CM-1.  THIS  STUDY  WAS  DONE  BECAUSE 
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°F  Jlt1Pcc°ySP5N,*A80UT  POSSIBLE  BUILDUP  OF  A CONCENTRATION 

9F  freons  in  the  TROPHOSPHERE  and  lower  stratosphere 

quant! TIESNJ*NUE  T0  BE  RELEASED  aT  OPOUND  level  in  increasing 

C325A1 A*NORMAN , CHARLES  S.!  SCHWARTZ,  JACK;  LINZ. 

AgTHUR^LEQEND  PlELD  MM  MASErSmELHOUS  CO? . AFCRL-66-357* 

AF  191620-40  06*APR  1966*AD“637  683#THIS  IS  A FINAL  RFPORT 
9M\.c2y Tn A£Ir.^2RK  DEALING  WITH  THEORETICAL  AND  EXPERIMENTAL 
INVESTIGATIONS  OF  THE  PROPERTIES  OF  FERROELECTRIC  MATERIALS 
THE  DEVELOPMENT  OF  MATERIALS  WITH  THE  SPFCIAL 
r?2rP!RMll£oN?£E5S£RY  F0R  TRE  OPERATION  OF  A LEGARD 
FIELD  MASER  IN  THE  MM  RANGE.  MEASUREMENTS  OF  LIGARD  FIELDS 

cicrTincrK8vSInJE  9ROSS  OVERS  BY  OPTICAL  AND  MICROWAVE 
n ?r1?JR22£9™  AR,E  DISCUSSED  AS  WELL  AS  MAGNETOMETER  METHODS.#* 
C11581F-»H0RT0N,  AND  DONALDSON,  M . R . * I NVES T I GA T I ON  OF 

LARGE  SIGNAL  MICROWAVE -EFFECTS  IN  FERROELECTRIC  MATERIALS. 
FINALF  REPORT.  1 JULY  1963  - 31  JAN  1966«$PERRY  MICROWAVE, 
CONTRACT  NO.  DA36-£)39-AMC-03240  (E>*MAR  1966*An-634  ~ 

THEORY  AND  MEASUREMENT  TECHNIQUES  FOR  OBTAINING  THE 
DIELECTRIC  CONSTANT  AND  LOSS  TANGENTS  FOR  FERROELE 
MATERIALS  AT  LOW  FREQUENCIES,  AND  IN  THE  MICROWAVE 
1 §HZ  -35  GHZ  ARE  GIVEN,  AND  SOME  RESULTS  ARE  INCLUDED 
ALSO,  RESULTS  OF  INVESTIGATIONS  OF  METHODS  OF  PREPARING 
MckY9§YD^k8l^  CERAMIC  MATERIALS  FOR  MICROWAVE  FREQUENCY 
USE  IS  REPORTED.  METHODS  OF  INVESTIGATING  THE  NON- 

kIo*r.Rt:n52?fRIli?  0F  FERROELECTRIC  MATERIALS  BIASED  IN 
nrRrIki£J.Rl£T5?£ I0N  £RE  INCLUDED.  GENERAL  APPLICATION 
OF  FERROELECTRIC  MATERIALS  FOR  MICROWAVE  COMPONENTS  IS 
lJ  I S u U S S fc  D * ^ ^ 

52317 1D#ALTSHULER»  EDWARD  E . *E ARTH-TO-SP ACE  COMMUNICATIONS 
MM  WAVELENGTH#AFCRL-65-566«N0  #*AUG  1965#AD-621  942* 

A PROGRAM  TO  INVESTIGATE  THE  FEASIBILITY  OF  EARTH-SPACE 
COMMUNICATION  CHANNELS  INTHE  MM  WAVE  REGION  IS  PRESENTED 


524* 

:tr  i c 
BAND. 


THE 


AT 


THE  THEORY 
SCATTERING 


gF  ATMOSPHERIC  ATTENUATION  DUE  TO  ABSORPTION 
AND  REFRACTION  PROPENTION  PROPERTIES  OF  ATMO- 
??HI5iSrS^§S?§ 'CLOUDS  AND  PRECIPITATION.  CURVES  OF  TOTAL 
AJHOSPHERIC  ATTENUATION  AND  NOISE  LEVEL  AS  A FUNCTIONOF 
METEOROLOGICAL  PARAMETERS  AND  ANTENNAE  DEVIATION  ANGLE 
ARE  ALSO  PRESENTED.  A SERIES  OF  EXPERIMENTS  DESIGNED  TO 
INFORMATION  AS  POSSIBLE  ON  THE  LIMITATIONS 
IMPOSED  BY  THE  ATMOSPHERE  ON  MM  WAVE  PROPAGATION  IS  PRE- 
SENTED . ** 

933581G*CHANTRY,  G.W.#DI ELECTRIC  MEASUREMENTS  IN  THE  SUBMILLI- 
METER REGION  AND  A SUGGESTED  INTERPRETATION  OF  THE  POLEY 
ABSORPTI ON»NO  #*IEEE  TRANSACTIONS  ON  MICROWAVE  THEORY  AND 
TECHNIQUES,  VOL.  MTT-25,  NO.  6,  496-5O0*JUNE  1977#N0  #* 

MODEN  ACTIVITY  IN  THE  FIELD  OF  EXTRA  HIGH  FREQUENCY  DIELEC- 


TRIC MEASUREMENTS  ON  POLAR  LIQUIDS  IS  BRI 
THE  MEANS  FOR  CARRYING  THEM  OUT  BRIEFLY  D 
NOW  POSSIBLE  TO  DETERMINE  THE  COMPLEX  “1“ 
HENCE,  THE  COMPLEX  REFRACTIVE  INDEX)  OVER  TH 
8TH  TO  10  TO  1 3TH  HZ  TO  AN  ABSOLUTE  PRECISIO 
IS,  THEREFORE,  WORTHWHILE  TO  RE-EXAMINE  THE 


FLY  REVIEWED  AND 
SCRIBED.  IT  IS 
PERMITTIVITY  (AND 

E RANGE  10  TO 
N OF  1%  AND 
LIQUID 


LATTIMER  THEORY  WHICH  was  put  forward  SOME  TIME  AGO  AS  AN 
EXPLANATION  FOR  THE  ADDITIONAL  POLAY  ABSORPTION.  THIS 
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THEORY  IS  FOUND  TO 
SPECTRUM  OF  I QUID 


SUB  MM  REGIONS 
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i ACCOUNT  OF  THE 
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ABSORPTION 

mm  and 


H.*THE  60  GHZ  RADIOMETER  LOCAL  VERTICAL 


RlMENTaCONTRACT  NAS  1-10131*N0  #*ApR  1973* 


THE  MAJOR  RESULTS 
MM  WAVE  RADIATION 
LOCAL  SENSING  INFOR- 
IT  WAS  CONCLUDED 
USEFUL  OVER  A WIDE 
THE  ORDER 


DM 


N73~2?396*THIS  FINAL  REPORT  SUMMARIZES 
THE  EXPERIMENT  CONCEPT  INVOLVES  USE  OF 
FROM  THE  ATMOSPHERIC  OXYGEN  TO  PROVIDE 
MATION  TO  A SATELLITE  BORNE  RADIOMETER 

THAT  A VIABLE  SENSING  TECHNIQUE  EXISTS.  _ 

RANGE  OF  ALTITUDE  WITH  AN  ACCURACY  GENERALLYON 
„ OF  0.01  DEG  OR  BETTER. ** 

B217619*BASHARIN0V,  A . E . *M I CROW A VE  RADIATION  CHARACTERISTICS 
OF  DRY  AND  MOIST  GROUND  CO VERS*N AS W- 24 8 A *NO  #*JULY  1973* 
N73-26153*MICR0WAVE  (8  MM)  (RADIOMETER)  MEASUREMENTS  FRl 
SPACE  CAN  BE  USED  TO  DETECT  FIRES,  MEASURE  SOIL  MOISTURE 
AND  TEMPERATURE,  MEASURE  SUB-ICE  SOIL  TEMPERATURES  AND  THE 
THICKNESS  OF  ICE  COVER,  AS  WELL  AS  IN  THE  SEARCH  FOR  SUB- 
SURFACE WATER.  ( RUSS  I AN  TRANSLATION  OF  A COMMUNICATION 
TO  THE  SEMINA^  OF  THE  SO V I ET - AMER I CAN  WORKING  GROUP  ON  LAND 
RESOURCE  SURVEY  BY  REMOTE  SENSING  METHODS.** 

563185B*C0LE » A.E.,  SECRETARY,  LABORATORY  GROUP*U.S.  STANDARD 
ATMOSPHERE,  1976*N0  # *N A T I ON  AL  OCEANIC  AND  ATMOSPHERIC 
ADMINISTRATI0N*0CT  1976«AD-A035  728*THE  U.S.  STANDARD 
ATMOSPHERE,  1976.  WHICH  IS  A REVISION  OF  THE  U.S.  STANDARD 
ATMOSPHERE,  1962,  WAS  GENERATED  UNDER  THE  IMPETUS  OF 
INCREASED  KNOWLEDGE  OF  THE  UPPER  ATMOSPHERE  OVER  THE  PAST 
SOLAR  CYCLE.  ABOVE  50  KM,  THIS  STANDARD  IS  BASED  ON 
EXTENSIVE  NEW  ROCKET  DATA  AND  THEORY  FOR  THE  MESOSPHERE 
AND  LOWER  THERMOSPHERE.  AND  ON  THE  VAST  RESOURCES  OF 

?AlELki2E,.2£I,AeS2RJ[H?  thermosphere  required  over  more 
„ than  one  complete  solar  cycle.** 

2111 73D*HYDE , G . * D A T A ANALYSES  REPORT  ON  ATS-F  COMSAT  MM  WAVE 
PROPAGATION  EXPERIMENT  PART  1.  (COMSAT  EXPERIMENT)* 
NASA-CR-152449 : CONTRACT  #NAS5-21616*NO  #*SEPT  1976* 
KZZ"T9192*THE  DATA  ANALYSES  REPORT,  PART  1,  DISCUSSES  THE 
RESULTS  OF  THE  13/18  GHZ  COMSAT  PROPAGATION  EXPERIMENT  TO 
MEASURE  ATTENUATION  CAUSED  BY  HYDROMETERS  ALONG  SLANT  PATHS 
FROM  TRANSMITTING  TERMINALS  ON  THE  GROUND  TO  THE  ATS-6 
SATELLITE  AND  THE  EFFECTIVENESS  OF  SITE  DIVERSITY  [N 
OVERCOMING  THIS  IMPAIRMENT.  THE  EXPERIMENT  IS  REVIEWED, 
CUMULATIVE  RAIN  RATE  STATISTICS  FOR  THE  FAYETTEVILLE  AND 
BOSTON  SITES  BASED  ON  POINT  RAINFALL  DATA  COLLECTED  ARE 
PRESENTED.  EXTRAPOLATIONS  OF  THF  ATTENUATION  AND  POINT 
RAINFALL  DATA  ARE  PRESENTED  AND  DISCUSSED.** 

9521 81N*EVANS.  GARETH  J.  AND  EVANS,  MYRON  W.*USE  OF  THE 

MEMORY  FUNCTION  TO  SIMULATE  THE  DF8YE  AND  POLEY  ABSORPTION 
IN  LTQUIDS*N0  #*  JO  UR  N A L OF  THE  CHEMICAL  SOCIETY  OF  LONDON, 
FARADAY  TRANSACTION  II,  NO. 7,  1 169- 1 l 84*1 97 6*NO  #*A  SINGLE 
SIMPLE. EQUATION  IS  DERIVED  TO  DESCRIBE  THE  MOLECULAR 


FAR 


?PJoIJ,cnAlrno52SI?§EB'*Gi ving  rise'to  the  micrqwave“ani 

INFRARED  ABSORPTION  8ANDS  OF  DIPOLAR  MOLECULES  IN  T H f 
LIQUID  PHASE.  THE  ABSORPTION  SPECTRUM  OVER  APPROXIMATELY 
3 DECADES  OF  FREQUENCY  IS  DEDUCED  BY  APPROXIMATING  THE  ASSO- 
IATED  ORIENTATIONAL  CORRELATION  FUNCTION  WITH  A HIERARCHY 


171 


OF  RESPONSE  FUNCTIONS  (OR  MEMORY  FUNCTIONS).  THESE  AND  THE 
CORRELATION  FUNCTION  FORM  A SET  OF  INTEGRO-D I FFERFNT I AL 
EQUATIONS  CALLED  THE  MORI  SERIES.  BY  TRUNCATING  THIS  AT  A 
CERTAIN  LEVEL,  WITH  AN  EMPIRICAL  FUNCTION  SUCH  AS  A SINGl  F 
OF  CORRELATION  TIME  1/GAMMA.  A SPECTRUM  CAN  BE 
1 9!rl  CONTAINS  EQUILIBRIUM  AVERAGES  PROPOR- 
TIONAL to  THE  INTERMOLECUL AR  MEAN  SQUARE  TORQUE*  (0(V)2), 

US,mTruVTicV^no?FkJA$y 12Ja  ETC.>  DEPENDING  ON  THE  l EVE 
AT  WHICH  THE  MORI  SERIES  IS  TRUNCATED.  THE  FORMALISM  IS 
TESTED  WITH  THE  LIQUIDS  CHF3  * CCIF3,  CBRF3,  CHC2H3  AND  THE 
NEMATOGEn  mbba,  a series  chosen  to  cover  the  extremes  of  b 

MOLECULAR  ISOTROPY  AND  AN  I SOTROPY  . *.  ur 

Cl  27  61  N.  HO  LM  ES  > J.J.;  BALANIS,  C.A.;  AND  TRUMAN,  W M .APPl  I 
CATION  OF  FOURIER  TRANSFORMS  FOR  MICROWAVE  RADIOMETRIC 
INVERSIONS  .NO  #.  IEEE  TRANSACTIONS  ON  ANTENNAS  & PROPAGA- 
TION. VOL.  AP-23.  NO.  6,  797-806. NOV  1975. NO  #. EXISTING 
MICROWAVE  RADIOMETER  TECHNOLOGY  NOW  PROVIDES  A SUITABLE 
METHOD  FOR  REMOTE  DETERMINATION  OF  THE  OCEAN  SURFACE'S 
ABSOLUTE  BRIGHTNESS  TEMPERATURE.  TO  EXTRACT  THE  BRIGHTNESS 
TEMPERATURE  OF  THE  WATER  FROM  THE  ANTENNA  TEMPERATURE,  AN 
UNSTABLE  FREDHOLM  INTEGRAL  EQUATION  OF  THE  FIRST  KIND  IS 
SOLVED.  FOURIER  TRANSFORM  TECHNIQUES  ARE  USED  TO  INVERT 
THE  INTEGRAL  AFTER  IT  IS  PLACED  INTO  A CROSS  CORRELATION 
tRSM- tmcP£VJ,C£TI0N  AND  VERIFICATION  OF  THE  METHODS  TO  A 
TWO-DIMENSIONAL  MODELING  OF  A LABORATORY  WAVF  TANK 
SYSTEM  ARE  INCLUDED.  THE  INSTABILITY  OF  THE  B-POSED 
9PPtt°h1rJ8U,A.J}  0N  IS  EXAMINED  AND  a RESTORATION  PROCEDURE 
IS  INCLUDED  WHICH  SMOOTHS  THE  RESULTING  OSCILLATIONS. 

WITH  THE  RECENT  AVAILABILITY  AND  ADVANCES  OF  FAST  FOURIER 
TRANSFORM  (FFT)  TECHNIQUES*  THE  METHOD  PRESENTED  BECOMES 
VpRT  ATTRACTIVE  IN  THE  EVALUATION  OF  LARGE  QUANTITIES 
9^PAI^A  a9tUAL  RADIOMETRIC  MEASUREMENTS  OF  SEA  WATER  ARE 
INSERTED  USING  THE  RESTORATION  METHOD*  INCORPORATING  THE 
ADVANTAGES  OF  THE  FFT  ALGORITHM  FOR  COMPUTATIONS... 

622131G.REBER*  E.E. ; MITCHELL*  R.L.;  AND  CARTER*  C.J.* 

OXYGEN  ABSORPTION  IN  THE  EARTH'S  A TMOSPHERE .F04 7 0 1 -68 - 
C-0200.NO  #*NOV  1968" AD-680  771. AN  EXTENSIVE  MEASUREMENT 
PROGRAM  DESIGNED  TO  MEASURE  THE  ATTENUATION  OF  E { H 
ENERGY  IN  THE  02  ABSORPTION  SPECTRUM  (48-72)  GHZ  BY  THE 
ATMOSPHERE  IS  DESCRIBED.  MEASUREMENTS  WERE  MADE  UTILIZING 
THE  SUN  AS  A SOURCE  AT  6 DISCRETE  ALTITUDES  RANGING  FROM 
SEA  LEVEL  TO  13.7  KM  AND  OVER  A FREQUENCY  RANGE  OF  53.4  TO 
56.4  GHZ.  THE  MORE  THAN  1500  INDEPENDENT  MEASUREMENTS 
WERE  USED  TO  CALCULATE  NEW  VALUES  FOR  THE  VAN  ~ 

BROADENING  COEFFICIENTS.  ZENITH  ATTENUATIONS  l_  _ 

UTILIZING  THESE  NEW  COEFFICIENTS  OVER  THE  FREQUENCY  RANGE 
48-72  GHZ  AND  FOR  SEVERAL  ALTITUDFES  FROM  0 TO  25  KM. 

IN  ADDITION,  BOTH  HORIZONTAL  ATTENUATION  RATES  AND  TAN- 
GENTIAL ATTENUATION  THROUGHOUT  THE  ATMOSPHERE  HAVE  BEEN 
COMPUTED  FOR  SEVERAL  ALTITUDES... 

521131 H.KISLYAKOV*  A . G . AND  INIKONOV,  V . N . * AN  EXPERIMENTAL 
STUDY  OF  ATMOSPHERIC  ABSORPTION  ON  A 4.1  MM  WAVE  AS  A 
FUNCTION  OF  THE  HEIGHTS  ABOVE  SEA  LEvEL*NO  #.NO  #.OCT 
1968. AD-685  998«RESULTS  OF  MEASUREMENTS  OF  ZENITH  ATMOSPHERIC 
ABSORPTION  ON  A 4.1  MM  WAVE,  CARRIED  OUT  AT  N I RF I FROM 


CK  LINE 
COMPUTED 
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AND 

13 


water  vaRor 

+ OR  - .02) 


AT  StA 
DB/KM 


1960-1964  ARE  GIVEN.  MEASUREMENTS  WERE  CONDUCTED  BY  RADIO 
ASTRONOMICAL  METHODS  AT  DIEEERENT  HEIGHTS  ABOVE  SEA  LEVEL. 
WHICH  MADE  IT  POSSIBLE  TO  DETERMINE  THE  EFFECTIVE  PATH  FOR 
02  AND  WATER  VAPOR  OF  THE  ABMOSPHERE  IN  ABSORPTION.  TOTAL 
ABSORPTION  OF  THE  ATMOSPHERE  FROM  SEA  LEVEL  DURING  ZENITH 
OBSERVATION  IS  GAMMA  = 0.26  + 0.0065  P VAPOR.  WHERE  P = 
ABSOLUTE  HUMIDITY  IN  THE  SURFACE  LAYER  OF  AIR.  EFFECTIVE 
HEIGHTS  OF  02  AND  WATER  VAPOR  OF  THE  ATMOSPHERE  ARE 
RESPECTIVELY  (4.3  + OR  - .3)  KM,  AND  (1.75  + QR_-  0.12  KM 
COEFFICIENTS  OF  ABSORPTION  OF  02 
LEVEL  ARE  (0.21  + OR  - .02)  AND 
RESPECT  I VELY . ** 

523133A*WI NKLER,  LOUIS*THE  PENNSYLVANIA  STATE  UNIVERSITY 

RADIO  ASTRONOMY  OB SE R V AT  OR *D A- 18 - 0 01 - A MC -9 05  ( X ) *NO  #*NOV  1968* 
AD-687  391*THE  PURPOSE  OF  THE  WORK  RELATING  TO  THIS  REPORT 
IS  TO  STUDY  THE  PROPAGATION  CHARACTERISTICS  OF  MM  WAVES  IN 
THE  EARTH'S  ATMOSPHERE.  ONE  METHOD  USED  TO  ACCOMPLISH  THIS 
WAS  TO  MAKE  MEASUREMENT  OF  THE  SUN  AND  ATMOSPHERE  TOGETHER, 

AND  THE  ATMOSPHERE  ALONE.  THESE  MEASUREMENTS  WERE  MADE 
WITH  A 36  GHZ  RADIOMETFR.  OTHER  METHODS  WERE  TO  REDUCE 
AND  ANALYZE  DATA  SUPPLIED  BY  THE  TECHNICAL  MONITOR  AND 
DEVELOP  SOME  RELATED  THEORETICAL  IDEAS.** 

9?258l8*G I ESE , K . *CORREL AT  I ON  ANALYSIS  OF  EXPERIMENTAL  PER- 
MITTIVITY DAT  A *NO  #* ADVAN . IN  MOLECULAR  RELAXATION 
PROCESSES,  7,  157-166*1975*N0  #*THE  AUTO-CORREL AT  I ON  OF 
FUNCTION  PHI  NIN(GAMMA)  OF  THE  RELAXATION  TIME  DISTRIBUTION 
FUNCTION  GAMMA(R)  IS  OBTAINED  FROM  THE  AUTO-  AND  CROSS- 
CORRELATION  OF  RFAL  AND  IMAGINARY  PARTS  OF  THE  PERMITTIVITY 
DATA  ARE  SUBJECT  TO  EXPERIMENT  ERROR.  THE  SPECTRUM  OF  THE 
AUTO-CORRELATION  FUNCTION  APPEARS  TO  BE  MOST  SUITABLE  FOR 
THE  DETERMINATION  OF  THE  DISTRIBUTION  FUNCTION  H(R). 

IT  IS  NECESSARY  TO  OBTAIN  ADDITIONAL  INFORMATION  BY  EVAL- 
UATING THE  LOWER  ORDER  MOMENTS  OF  THE  DISTRIBUTION  FUNCTION.** 

D311651C*MEND0NCA , J . *M I LL I METER  WAVE  POLAR  METERS  AND  THE 
COTTON-MOUTON  EFFECT  IN  PLASMAS*NO  #*NO  #*DEC  1972* 
EUR-CFA-FC-675*THIS  PHD  THESIS  IS  A STUDY  OF  THE  COTTON- 
MOUTON  EFFECT  ON  A PLASMA  OF  2 AND  4 MM  WA VELENG-THS . 

ORDINARY  TURNSTILE  CURVE  GUIDE  FUNCTIONS  AT  2-3  CM  ARE  NOT 
EASILY  SCALABLE  FOR  2-4  MM  USE;  THEY  ARE  DESIRED  AS  _ 
POLARIZATION  ANALYZING  ELEMENTS.  TITLE  OF  CHAPTERS  OF 


THIS  THEM! 
DIMENSION! 


ARE:  1)  CERTAIN  EQUIVALENT  SCHEMES.  2)  SMAl 
:D  GUIDE  POLARIZER.  3)  MEASUREMENTS  PROCEDURf 

4)  POLARIZATION  IN  AN  INHOMOGENEOUS  MAGNET  PLASMA. 

5)  MEASUREMENT  OF  THE  COTTON  MOUTON  EFFECTS  ON  A PLASMA 
(AT  .337,  2,  AND  4 MM) .** 

212563  I*PORTER,  RONALD  A.  AND  HO.  P I NG-TONY*M I CROW AVE  RADIO- 
METRIC  SENSING  OF  SURFACE  TEMPERATURE  AND  WIND  SPEED  FROM 
SEASAT*CONTRACT  # 6-35217*N0  # *F  EB  1977*P8-270  323*A  COM- 
PREHENSIVE STUDY  HAD  BEEN  PERFORMED  TO  DETERMINE  THE 
ACCURACY  WITH  WHICH  SEA  SURFACE  TEMPERATURES  AND  WIND 
SPEEDS  CAN  BE  DERIVED  FROM  BRIGHTNESS  TEMPERATURES 
TO  BE  SENSED  BY  THE  SEASAT  SMMR  MICROWAVE  RADIOMETER 
(APPARENTLY  6.6,  10.4  AND  18  GHZ).  THIS  WORK  WAS  BASED 
ON  THE  USE  OF  A 2-SCALE  OCEAN  ROUGHNESS  MODEL.  AN  INSTRU- 
MENT 2-SECTION  OCEAN  FOAM  MODEL.  CONSISTING  OF  WHITE  CAPS 
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ANDFROM  STREAKS  WAS  APPLIED  TO 

AVE  FREQUENCIES  .. 
ATMOSPHERE  MODELS 
TROPICAL  REGIONS. 
A SINGLE  ANTENNAE 


THIS  STUDY.  11  WAVE 
TOGETHER  WITH  10 
MID-LATITUDE  AND 
WAS  PERFORMED  AT 


OF  48.9  DEG.  THERE  IS  COMPLEX 
ON  SEA  WATER,  SEA  FORM,  AND  EMI 
PQAM,  FOR  FREQUENCIES  FROM  5 TO 
C235519*DAGA I , MICHEL* MEASUREMENT 
AS  LIQUID  DIELECTRIC:  DOCTOR  OF 


THE  WORK  PERFORMED  ON 
WERE  USED  IN  THIS  STUDY 
COVERING  SUB-POLAR, 

A COMPUTATION 
BEAM  INCIDENCE  ANGLE 


IELECTRIC  CONSTANT  DATA 
SIVITY  OF  WATER  AND 
38  GH7.** 

OF  THE  PERMITTIVITY  OF 
SCIENCE  THESIS,  SACLAY. 


^)i4Nn£RIU£H,**£EA-B2993*N0  #*1966*PB-173  395*WE  PUN 


TO  STUDY  THE  ELEMENTS  NECESSARY  TO 
INTERFEROMETER:  A)  INTERFEROMETER  .. 
WAVE  PATHS,  UTILIZING  A TRANSMISSION 
TEMPERATURE . „ B)  m]chei,sqn  interfer 


REFLEcTI 


realize  two  types  of 
with  two  separated 

ELL  AT  AMBIENT 
TER,  UTILIZING  A 
TEMPERATURE:  WAVE  BAND 


'cell,  wItH’^aRi able' 

COVERED:  2-  MM  - 8.6  MM.*» 

D22661C»ETIEVANT,  C . * APPL I C AT  I ON  OF  MICROWAVES  AND  FAR  INFRA- 
RE D TO  THE  PROBLEMS  OF  DIAGNOSTICS  IN  RESEARCH  ON  CON- 
TROLLED FUSION  (IN  FRENCH ) *NO  # * ASSOC  I A T I ON  EURATOM-CEA 
SUR  LA  FUSI0N*21  MAY  1973*CEA-C0NF-2313*C0NTR0LLER  FUSION 
PRESENTS  US_WITH  SEVERAL  DIAGNOSTIC  PROBLEMS-  lj)NE  CON- 


»st|®-sSivel!(! 


MEASUREMENT  PLASMA  DENSITIES  INTER- 

- - - ^.w-,LY,  THE  DETERMINATION  OF  DENSITY  PROFILES  BY 
MATTER  PQULED  INTERFEROMETRY  AND  BY  REFLECTOMETRy . THE 
STUDY  OF  TURBULENCE  BY  DIFFUSION  OF  MICROWAVE,  THE 
MEASUREMENT  OF  COMPONENTS  OF  MAGNETIC  FIELD  BY  FORSDAY 
ROTATIONAND  BY  A METHOD  EXPLOITING  THE  NON-LINEAR 
PROPERTIES  OF  PLASMAS  (WAVELENGTH  COVERAGE:  0-3-4  MM).#* 
943561E»LER0Y , Y.;  CONSTANT,  E.;  ABBAR,  C.;  AND  DESPLASIQUES , 

P. ^CORRELATION,  RELAXATION  AND  ULTRAHERTZ  I AN  ABSORPTION 
IN  L I QU IDS*NO  #*ADVANCE  MOL.  RELAXATION  PROCESSES,  1. 
273-307*1967-68*NO  #«THIS  IS  AN  EXPER I MENMTAL  AND  THEORETI- 
CAL STUDY  OF  ABSORPTION  OF  RADIO  WAVES,  CM- -SUB  MM  IN 
LENGTH  I.N  POLAR  LIQUIDS  WITH  SIMPLE  RIGID  MOLECULES.  IN 
THE  FIRST  PART,  EXPERIMENTAL  RESULTS  ARE  SUMMED  UP. 

MOLECULES  STUDIED  ARE  PLANAR  OR  "SYMMETRIC  TOP.”  A 

,0F  TtiESE  DAX£  provides  EVIDENCE  OF  TWO  NEW 
PHENOMENA  WHICH  HAVE  NOT  BEEN  SYSTEMATICALLY  STUDIED.  IN 
THE  SECOND  PART,  WE  TRY  TO  INTERPRET  THEORETICAL  RESULTS 
OBTAINED  FROM  THE  CORRELATION  FUNCTION  CONCEPT.  SUBSTANCES 
STUDIED  WERE  TR I CHLORETHANE-HEXANE  AND  TR  I CHLOROMF TH A NE S , 

„ and  methyl  PROPYL  CHLORIDE. ** 

213111UG0DARD.  S . L . *PROPAG A T I ON  OF  CENTIMETER  AND  MILLIMETER 
WAVELENGTHS  THROUGH  PREC I P I T AT  I 0 N* NO  #*IEEF  TRANSACTIONS 
ON  ANTENNAS  & PROPAGATION.  VOL.  18,  NO.  4,  530-534#JULY 
1970*NO  # »FR OM  THEORETICAL  CONSIDERATIONS,  IT  IS  POSSIBLE 
TO  CALCULATE  ATTENUATION  THROUGH  RAIN  AT  SEVERAL  WAVE- 
LfcNTHS.  IT  IS  SHOWN  THAT  ATTENUATION  IS  A LINEAR  FUNCTION 
OF  RAIN  RATE  FOR  A 0.86-CM  WAVELENGTH.  THIS  PROPERTY  IS 
INDEPENDENT  OF  THE  DISTRIBUTION  SPECTRA  OF  DROP  RADIUS 
WITHIN  A TEN-PERCENT  PRECISION.  THIS  LATER  PROPERTY  HAS 
BEEN  TESTED  EXPERIMENTALLY  IN  TWO  DIFFERENT  WAYS.  1)  MEASURE- 
1)  MEASUREMENTS  THROUGH  RAIN  HAVE  BEEN  MADE  WITH  A RADAR 
AT  0.86  CM.  RESULTS  ARE  REPORTED.  THEY  SHOW  QUITE  IMPOR- 
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TANT  DIFFERENCES  BETWEEN  THEORETICAL  AND  EXPERIMENTAL 
RESULTS.  2)  EXPERIMENTS  HAVE  BERN  CONDUCTED  IN  RAINFALL 
TO  MEASURE  FALL  SPEEDS  AND  DIAMETER  SPECTRA  OF  DROPS.  THER 
APPARATUS  USED  FOR  THIS  PURPOSE  IS  BRIEFLY  DESCRIBED.  WITH 
THE  RESULTS  OBTAINED  IT  IS  POSSIBLE  TO  CALCULATE  THE  PROPA- 
GATION PROPERTIES  OF  RAINFALL  AT  SEVERAL  WAVELENGTHS.  PAR- 
TICULARLY AT  0.86  CM.## 

913561G*CR0SSLEY,  J;  TAY.  S.P.;  AND  WALKER,  S . #EVALUAT ION 
OF  RELAXATION  PARAMETERS  FROM  DIELECTRIC  DAT  A#NO  # # A D V A N . 

IN  MOLECULAR  RELAXATION  PROCESSES,  VOL.  6.  69-78#1974# 

NO  ##  THE  PERMITTIVITY  E'  AND  THE  LOSS  FACTOR  E"  OF  14 
SOLUTIONS  (HYDROCARBON)  HAVE  BEEN  MEASURED  AT  9 ANGULAR 
FREQUENCIES  W (.002-141  GHZ).  EACH  SOLUTION  CONSISTS  OF 
TWO  POLAR  SOLUTES  WITH  KNOWN  RELAXATION  TIMES  (Tl  AND  T2 
WITH  WEIGHT  FACTORS  Cl  AND  02)  IN  EXCESS  OF  A NON-POLAR 
SOLVENT.  FROM  THE  EXPERIMENTAL  DATA  FOR  EACH  SOLUTION, 

THE  MEAN  RELAXATION  TIMES  TO  AND  THE  DISTRIBUTION  PARA- 
METER ALPHA  HAS  BEEN  EVALUATED  BY  6 DIFFERENT  METHODS. 

FOR  13  OF  THESE  CASES,  THE  MEAN  RELAXATION  TIME  TO  EXP 
HAS  BEEN  COMPARED  WITH  ONES  DEDUCED  FROM  EQUATIONS 
RELATING  Tl,  T2  AND  Cl  WITH  TO  THER.  ON  THE  WHOLE, 

THE  AGREEMENT  BETWEEN  THE  6 DIFFERENT  PROCEDURES  FOR 
EVALUATING  TO  EXP  IS  GOOD.*# 

B616619#LINDBERG,  JAMES  D.  AND  GILLESPIE,  JAMES  B . #REL AT  I ON- 
SHIP  BETWEEN  PARTICLE  SIZE  AND  IMAGINARY  REFRACTIVE  INDEX 
IN  ATMOSPHERIC  D(JST#NO  ##APPLIED  OPTICS,  VOL  16*  NO.  10, 
?628-?630#OCT  1977*N0  ##THIS  ARTICLE  DISCUSSES  DUST 
SAMPLES  COLLECTED  AT  WHITE  SANDS  MISSILE  RANGE,  FROM  LAMBDA 
- 0.3  UM  TO  LAMBDA  - 1.7  UM.  COMPONENTS  OF  THIS  DUST  WERE 
CLAYS,  QUART7,  CoLATE*  GYPSUM,  AMMONIUM  SULFATE,  AND 
CARBON.  SIZE  DISTRIBUTIONS  OF  THE  DUST  ARE  GIVEN  AND 
DISCUSSED. #* 

C43141F#GENZEL,  L.  AND  SAKIR,  K . # I NTERFEROMETRY  FROM  1950  TO 
THE  PRESENT#NO  ##JOURNAL  OPTICAL  SOC.  AM.,  VOL.  67,  NO.  7. 
871-874*N0  #* JULY  1977#N0  #*THIS  PAPER  REVIEWS  THE  HISTORY 
OF  THE  IMPORTANT  ASPECTS  AND  THE  DEVELOPMENT  OF  FAR  IR 
FOURIER  TRANSFORM  SPECTROSCOPY  AND  FOBRY  PEROT  INTER- 
FEROMETRY FROM  1950  TO  THE  PRESENT.  MOST  OF  THE  FUNDA- 
MENTALS OF  FOURIER  SPECTROSCOPY  WERE  WORKED  OUT  IN  THE 
PFRIOD  FROM  1951-1961  AFTER  THE  REALIZATION  OF  THE  MULTI- 
PLEX ADVANTAGE.  THE  FOLLOWING  PERIOD  FROM  1962  - PRESENT 
BROUGHT  NEW  INSTRUMENTAL  INNOVATIONS  AND  REFINEMENTS  AND 
THE  STAGE  OF  GENERAL  USE.  FOBRY-PERST  INTERFEROMETRY 
BECAME  POSSIBLE  IN  THE  FAR  IR  SINCE  METAL  MESH  WAS  FOUND 
TO  BE  THE  IDEAL  REFLECT  OR  FOR  THE  INTERFEROMETER.  THIS 
KIND  OF  INTERFEROMETRY  IS  NOW  MAINLY  AND  INCREASINGLY 
USED  IN  CONNECTION  WITH  FAR  IR  LASER  RESEARCH.## 

5 411 81. 9#HARRIES»  J.E,#SUB  MM  WAVE  SPECTROSCOPY  OF  THE  ATMO- 
SPHERE#NO  #*J,  OPT.  SOC.  AM.  VOL.  6,  NO.  7,  880-894#NO  #* 
JULY  1 97 7 »NO  #*A  SURVEY  OF  THE  HISTORY  AND  DEVELOPMENT  OF 
SUB  MM  ATMOSPHERIC  SPECTROSCOPY  IS  PRESENTED  UP  FRONT 
INCLUDING  THE  MOST  RECENT  ACTIVITIES  AND  PROGRESS  IN  THE 
FIELD.  OUR  CURRENT  UNDERSTANDING  OF  THE  DETAILS  OF  THE 
SPECTRUM  AND  THE  INFORMATION  IT  CAN  PROVIDF  IS  DISCUSSED, 
AND  THE  PAPER  CONCLUDES  WITH  SOME  SUGGESTIONS  ABOUT 
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FUTURE  DEVELOPMENTS 
5l2l7lD*ZHEVSKlN,  S.A 
CENTIMETER,  Mill 
'■  ' 69  < 


80  REFS.** 

,p.*propagation 


ON  THE  SUBJECT. 

„ _ AND  NAUMOV,  A . P . *PROP AG AT  I ON  OF 

CENTIMETER,  MILLIMETER,  and  sub  MILL IMETERsNO  #*no  #* 

SEPT  l969»AD-694  411*W0RKING  PROM  EXTENSIVE  BIBLIOGRAPHY 
(199  ENTRIES),  THE  AUTHORS  REVIEW  THE  PRESENT  STOCK  OF 
KNOWLEDGE  OF  PROPAGATION  OF  MICROWAVES  IN  THE  EARTH'S 
ATMOSPHERE.  THE  EFFECT  OF  WATER  VAPOR  DIMER,  AND 
DONOMERS  AS  WELL  AS  0?  ARE  EXAMINED  AS  THEY  CONTRIBUTE 
TO  THE  TOTAL  ABSORPTION  COEFFICIENT.  THREE  FORMS  OF  THE 
SPECTRAL  LINES  ARE  CONTRASTED;  1)  BY  LORENTZ,  2)  VAN 
VLECK  AND  WEISHOPF,  AND  3)  A FORM  OBTAINED  FROM  A SOLUTION 
OF  THE  KINETIC  EQUATION.  NATURAL  ATMOSPHERIC  WAVEGUIDES 
ARE  DISCUSSED  BRIEFLY  INDICATING  WHY  IT  IS  IMPRACTICAL 
TO  USE  THEM  FOR  COMMUNICATIONS.** 

62 21 81 A*REBER » E.E.J  MITCHELL,  R.L.5  AND  CARTER,  C.J.* 
ATTENUATION  OF  THE  5-MM  WAVELENGTH  BAND  IN  A VARIABLE 
ATMOSPHERE*NO  #*N0  #*JULY  1969*AD-694  510*EFFECTS  OF  ATMO- 
SPHERIC CHANGES  ON  ATTENUATION  IN  THE  ATMOSPHERE  FOR  THE 
5-MM  WAVELENGTH  REGION  OF  THE  E & M SPECTRUM  (48-72  GHZ). 
ATTENUATION  VS  FREQUENCY  AND  ALTITUDE  FOR  VERTICAL  TRANS- 
MISSION THROUGH  THE  ATMOSPHERE,  CAUSED  BY  02  ABSORPTION. 
ARE  TABULATED  FOR  GEOGRAPHICAL  AND  SEASONAL  MODEL  ATMO- 
SPHERES. THE  ATTENUATION  EFFECTS  OF  ATMOSPHERIC  WATER 
FORMATIONS  ARE  DISCUSSED  AND  COMPARED  TO  02  ATTENUATION.** 
212411A*KRASYUK,  N.P.  AND  IROZENBERG,  V.I,*RADAR  CHARACTER- 


ISTICS OF  PRECIPITATION  OF  DIFFERENT  NA  TURE  *Nn  #*N0  #* 

OCT  l969#AD-700  40l*THE  SPECIFIC  EFFECTIVE  AREA  OF  RETRO- 
GRADE SCATTERING  OF  AND  ATTENUATION  FACTOR  OF  RADIO  WAVES 
IN  THE  CM  MM  BAND,  IN  RAINFALLS  OF  VARIOUS  ORIGIN 
WITH  VARIOUS  LEVELS  OF  RAINDROP  SIZE  DISTRIBUTIONS,  AT 
VARIOUS  TEMPERATURES  AND  RAIN  IN  FORESTS  WERE  CALCULATED. 
THIS  QUANTITATIVE  DATA  ON  THE  ATTENUATING  AND  REFLECTING 
EFFECT  OF  RAIN  ON  THE  OPERATION  OF  ELECTRONIC  EQUIPMENT 
IN  THE  CM  AND  MM  RANGE.** 

211173A*CRANE,  ROBERT  K . *R  A I N ATTENUATION  AT  MILLIMETER 
WAVELENGTHS*AF19(628)-5167*N0  #*1968* AD-707  813*THE  MAJOR 
PROPAGATION  PROBLEM  CONFRONTING  THE  USE  OF  MM  WAVES  FOR 
L INE-OF-SIGHT  COMMUNICATION  LINKS  OPERATING  THROUGH  THE 
ATMOSPHERE  IN  HYDROMETER  SCATTERING.  RAIN,  HAIL,  SLEET, 
SNOW,  AND  FOG  ALL  CAN  CAUSE  SEVERE  ATTENUATION  AT  MM 
WAVELENGTHS.  THE  PROBLEM  OF  HYDROMETER  SCATTERING 
REPORTED  IN  THE  LITERATURE  TEND  TO  SUPPORT  THE  CONCLUSIONS 
THAT  CURRENT  THEORY  IS  NOT  SUFFICIENT  TO  ADEQUATELY  PRE- 
DICT ATTENUATION.** 

5226838*ISHIMARU , A . «PROPA GA T I ON  AND  RECEPTION  OF  PARTIALLY 
COHERENT  WAVES  IN  RANDOM  MED  I A*CONTRACT  #F 19628-69 -C -0 12 3* 
NO  #*DE C 1971*AD-743  833*THE  FINAL  REPORT  GIVES  A SUMMARY 
OF  ALL  THE  WORK  COMPLETED  AND  UNDER  WAY  UNDER  THIS  CON- 
TRACT COVERING  THE  PERIOD  FROM  DEC.  1968  TO  DEC.  1971. 

THE  WORK  COVERS  A BROAD  SPECTRUM  INCLUDING  TEMPORAL  FRE- 
QUENCY SPECTRUM.  FOCUSED  BEAMS,  REMOTE  PROBING,  MULTIPLE 
SCATTERING  EFFECTS,  AND  RAIN  ATTENUATION.** 


621131E*REBER,  E , E . * ABSORPT I ON  OF  THE  4-  TO  6-MM 
BAND  IN  THE  ATMOSPHERE»CONTRACT  F04701-71-C-017 
MAR  1972*AD-745  95l*THE  ANALYSIS  OF  AN  EXTENSIV 


WAVELENGTH 
2*N0  #* 

E SERIES 
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OF  ZENITH  attenuation  measurements  of  the  atmosphere  on 

BOTH  SIDES  OF  THE  OXYGEN  ABSORPTION  SPECTRUM  (48-7?  GHZ) 
ELUCIDATES  THE  ABSORPTION  CHARACTERISTICS  OF  THE  4 TO  6 MM 
WAVELENGTH  BAND.  WITH  THE  SUN  AS  A SOURCE.  ZENITH  ATTEN- 
UATION MEASUREMENTS  WERE  MADE  AND  USED  AS  A FUNCTION  OF 
THE  PRECIPITABLE  WATER  CONTENT  OF  THE  ATMOSPHERE  TO  DETER- 
MINE THE  ZENITH  ATTENUATION  COEFFICIENTS  OF  PRECIPITABLE 
WATER.  FROM  THESE  COEFFICIENT  AND  MEASUREMENTS  OF  THE 
TOTAL  PRECIPITABLE  WATER  CONTENT  IN  THE  ATMOSPHERE,  THE 
OXYGEN  COMPONENTS  OF  THE  ZENITH  ATTENUATION  WERE  DETER- 
MINED . 

C2 11 71  A* COHN , MARVIN  AND  LITTLEPAGE,  ROBERT  S . * I MPL I CA T I ONS 
OF  MILLIMETER  WAVE  RESEARCH  AND  TECHNOLOGY  ON  NAVAL 
PROBLEMS«N00014-77-C-0l66#NO  #«JAN  1967*AD-813  462*THIS 
TECHNICAL  REPORT  CONTAINS  A SURVEY  AND  A CRITICAL  ANALYSIS 

of  the  existing  and  projected  mm  wavelength  state  of  the 
ART.  SPECIFIC  AREAS  TREATED  ARE  PROPAGATION  EFFECTS, 
ANTENNAE,  COMPONENTS,  POWER  SOURCES,  AND  RFCEIVER 
TECHNIQUES.  AREAS  WHERE  FURTHER  RESEARCH  AND  DEVELOPMENT 
WOULD  RESULT  IN  INCREASED  PERFORMANCE  HAVE  BEEN  POINTED 
OUT . »» 

C13171 OKEELTY , J.M.  AND  CRANE,  R . A . <*M I LL I ME  TER  INVESTIGATIONS, 
VOL.  5.  LISTINGS  OF  DETAILED  RESULTS,  PROJECT  MALLARD4* 
CONTRACT  PG  727001-1*NO  #»JAN  1969*AD-857  436»THIS  VOLUME 
CONTAINS  SAMPLES  OF  THE  COMPUTER  ANALYSIS  OF  VARIOUS 
PARAMETERS  SALIENT  TO  THE  DESCRIPTION  OF  SYSTEM  PER- 
FORMANCE. THE  VOLUME  BEGINS  WITH  A DESCRIPTION  OF  THE 
STRUCTURE  OF  THE  COMPUTER  PROGRAMS  AND  A SECTION  EXPLAINING 
THE  MEANING  OF  SAMPLE  PRINTOUTS.  PRINT  OUTS  DETAILING 
PRECIPITATION  RATES-  ERROR-RUN  DATA,  AND  SIGNAL  STRENGTH 
VARIATIONS  FOR  VARIOUS  METEOROLOGICAL  CONDITIONS  AND  A 
SECTION  DI SC  US  S I NG  THE  RESULTS  OF  A HELICOPTER  TEST  MAKE- 
UP THE  REMAINDER  OF  THE  REPORT. ** 

513183A#STEELt  » F.K.  AND  VAN  HORN,  S.F.«A  BIBLIOGRAPHY  OF 
RECENT  WORK  ON  PROPAGATION  IN  THE  RADIO  SPECTRUM  FROM 
10  TO  100  GH  Z4*  NO  ##N0  #*JAN  19  75  *C  OM -7  5-  10  78  l4*  RE  FE  RE  NC  ES 
ARE  PRESENTED  ON  THE  SUBJECT  OF  RECENT  (1971  TO  MID  1974) 

WORK  ON  RADIO  PROPAGATION  THROUGH  THE  ATMOSPHERE  AT  FRE- 
QUENCIES FROM  10  GHZ  TO  100  GHZ.  THE  REFERENCES  ARE 
SEPARATED  INTO  SIX  MAJOR  CATEGORIES  COVERING  PROPAGATION 
THROUGH  PRECIPITATION,  MULTIPATH  PROPAGATION,  THROUGH 

non-turbulent  clearance,  turbulent-clear  atmospheres, 
measurements/data,  and  a general  CATEGORY.4*** 

621681D*LIEBE,  HANS  J.  »A  PRESSURE-SCANNING  REFRACTION 
SPECTROMETER  FOR  ATMOSPHERIC  GAS  STUDIES  AT  MILLIMETER 
WAVELENGTHS*NO  #<*NO  #*APR  l974«*COM-75-  108084*A  DIFFERENTIAL 
REFRACTION  SPECTROMETER  WAS  DEVELOPED  CAPABLE  OF  MEASURING 
UNDER  SIMULATED  ATMOSPHERIC  CONDITIONS  MOLECULAR  EHF  PRO- 
PAGATION FACTORS,  ESPECIALLY  THE  INTENSITY  DISTRIBUTION 
OF  THE  OXYGEN  UWAVE  SPECTRUM  (02-MS).  DISPERSION  AND 
ATTENUATION  PRESSURE  PROFILES  ARE  MEASURED  BETWEEN  10-3 
AND  103  TORR.  THE  SENSITIVITIES  ARE  BETTER  THAN  1 PART 
ON  10  THE  9TH  AND  0.01  DB/KM.  THE  MULTI-LINE  (APPROX  43) 
STRUCTURE  OF  THE  02  MS  ABOUT  60  GHZ  COMPLICATES  THE  DATA 
ANALYSIS.  SPECIAL  DIAGNOSTICS  EVOLVED  FROM  THE  DATA 
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. fJR  DEDUCING  SPECTROSCOPIC  PARAMETERS . #* 

62urrDmuwiBeor^^  J.*STUDIES  OF  OXYGEN  AND  WATER  VAPOR 
^Ic?°AAr?, ioEiI^A  UNDER  SIMULATED  ATMOSPHERIC  CONDITIONS* 
NASA-AAF I L58 . 506 ; N0AA-NESS5-13155*N0  #*JUNE  1975»C0M-75- 
llp96*ATM0SPHERI C RADIO  WAVE  PROPAGATION  IN  THE  40-140  GHZ 
BAND  IS  INFLUENCED  BY  THE  UWAVE  SPECTRUM  OF  02  AND  WATER 
REPORT  TREATS  THE  COMPLIMENTARY  SIDES  OF 
THE  CONTROLLED  LABORATORY  EXPERIMENTS  AND  COMPUTER  AN  A I YSIS 
BOR  PROVIDINCJ  MOLECULAR  TRANSFER  CHARACTERISTICS.  A 
PRESSURE  SCANNING  DIFFERENTIAL  REFRACTOMETER  WAS  OPERATED 

OF  TAIE02F?§ra§,PE^5f^rS6F^§U|ic?"ZPRE^5R^,'}|^^*TI 

Mlf  ONS^WHycH^OCCUR^I  N*"ThIT ATMOSPHERE  . IE^  UND6R  C0N- 

51 1181 A^ZHEVAK IN  » S . A . #PROPAGA  T I ON  AND  ABSORPTION  OF  RADIO 
WAVES  [N  THE  ATMOSPHERE  AND  TROPOSPHERE*NO i*NO  #*AUG I960* 

PUBLICATIONCONTAINS  A TRANSLATION  OF  TWO 


JPRS  463ll*THI S 
ARTICLES  FROM  THE 


RUS! 

in; 


IAN  Pj 
T I TU  T( 


RIODICAL  "NEW! 
RADIO. PHYSIf 


OF 

S>  GORKY 


VOL 


higher  educational 

irAr,^;M?cl0E*i26I»r^P^P,:EZL,il8LJ.OGRAPf;<IUAL  INFORMATION 
^COMPANIES  EACH  ARTICLE.  CONTENTS+  "PROPAGATION  OF  CM, 

MM  AND  SUB  MM  RADIO  WAVES  IN  THE  EARTH'S  ATMOSPHERF" 
Q^JD"ASTUDYOF  TROPpSPHER IC  ABSORPTION  OF  RADIO  WAVES 

_ BY  RADIO  ASTRONOMY  METHOD"*** 

5l31828*yOGLER,  L.E.  AND  VAN  HORN « J , S . F . * B I BL  I OGR  APHY  ON 

S?2p51§45i2Sue5Ee5I§  from  10  ghz  TG  10°o  thz*no  #*no  #* 

MA R l972»COM-75-10809*A  BIBLIOGRAPHY  ON  E & M WAVE  PROPA- 

0F  SIGHT  PATHS  THROUGH  THE  TROPOSPHERE 
AT  FREQUENCIES  ABOVE  10  GHZ.  THE  REFERENCES  ARE  DIVIDED 
INTO  THREE  MAIN  CATEGORIES  COVERING  THE  AREA  OF  PROPAGA- 
TION THROUGH  NON-TURBULENT  CLEAR  ATMOSPHERE  AND  PRECIPI- 
TATION.** 

51?12;L£2£!2tf!iS9$U.-W* !•**  REVIEW  OF  RADIOMETER  MEASUREMENTS  OF 
tIM2SEtiERI  Cr-AJIENUAT  IGN  AT  WAVELENGTHS  FROM  75  CENTIMETERS 
TO  2 MILLIMETERS  <L I TERATURE  SEARCH ) *NASA-TN  D-5087*N0  #* 
APR  1969«N69-22949*PUBLI SHED  VALUES  OF  VERTICAL  ATTEN- 
UATION RESUL  T I NG  FROM  RADIOMETRIC  MEASUREMENTS 
OF  ABSORPTION  AND  EMISSION  OF  THE  EARTH.  A TMOSPHFRF  IN 
THE  WAVELENGTH  RANGE  FROM  75  CM  (.4  GHZ)  TO  2 MM  (150  GHZ) 
ARE  PRESENTED.  THE  LITERATURE  SEARCH  INCLUDED  A REVIEW 
OF  SEVERAL  HUNDRED  PUBLICATIONS.  THESE  DATA  EMPHASIZE  THE 
NEED  FOR  FURTHER  THEORETICAL  AND  EXPER I MENTAL  WORK  N THE 
CALCULATION  AND  MEASUREMENT  OF  ATTENUATION  IN 
THIS  PORTION  OF  THE  SPECTRUM.*# 

733731B*N0  #*DESIGN  OF  A SATELLITE  INSTRUMENT  FOR  MEASUREMENT 
2?*,IH£oM1ttIt,JTl!R..  CHARACTERISTICS  OF  ATMOSPHERIC  OZONE* 

NA S5 -1 2- 11 7*N0  #*1969*N69-32l83*THE  OBJECTIVE  WAS  TO  SELECT 
AN  OZONE  RESONANT  LINE  (APPROX  100  GHZ)  WITH  SUFFICIENT' 
INTENSITY  WHICH  COULD  BE  DETECTED  WI TH  AS IGNAL  TO  NOISE 
Rates  (from  a space-borne  Radiometer)  adequate  to  allow 
RESOLUTION  OF  THE  LINE  profile  to  the  PRECISION  REQUIRED 
FOR  THE  INVERSION.  A FURTHER  STIPULATION  WAS  THAT  THE- 
TECHNIQUES  AND  COMPONENTS  INCORPORATED  IN  THE  DESIGN  OF 
THE  SATELLITE  INSTRUMENT,  OR  NEAR.  CURRENT  STATE  OF  THE 
ART.** 
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1231619*GAUT » N . E . » I NTERArT I ON  MODEL  OF  MICROWAVE  ENERGY 
AND  ATMOSPHERIC  VAR  I ABLES*CONTRAcT  y ‘ “ ~ * fc 


VARI  ABLtS#CONTRArT  NAS8-26?73«N0  #<*APR 

rile  £?ri£^1;;£:jfl???8ESUU§  ARE  presented  for  a study  of 

the  EFFECTS  OF  WATER  VAPOR , LIQUID  WATER.  AND  ICE  UPON 
RAD  I A J^E  TRANSFER  PROCESSES  AT  MICROWAVE  FREQUENCIES  AND 
IN  JHE  Far  ir.  the  fundimental  PROCESSES  BY  WHICH  these 
SPECIES  INTERACT  WITH  MICROWAVE  ENERGY  ARE  D I $CUSSED 


&ND  THEIR  STATISTICS  ANALYZED  IN  TERMS  OF  THE?R  APPL  IC A' 
TION  TO  A RANGE  OF  REMOTE  SENSING  PROBLEMS. ** 

51liow£*Jf!SOL,iI2ArJfV  L.J.  DEARTH  SATELLITE  PROPAGATION 
ABOVE  GHZ:  PAPERS  FROM  THE  1972  SPRING  URSI  SESSION  ON 
EXPERIMENTS  AND  UTILIZING  THE  AFS-5  SATELLITES  #*NO  #* 
MAY  1972*N72-30141*THIS  DOCUMENT  PRESENTS  A COLLECTION  OF 
PAPERS  From  THE  SPECIAL  SESSION  ON  EARTH-SATELLITE  PROPA- 
ABOVE  10  GHZ,  PRESENTED  AT  THE  INTERNATIONAL  UNION 

8FCR‘ni°C^^I  l(Yl?L5?R|iBLISHe£LRipORTSW^DIpiei^NTA- 

AT°THERENDTOF  THISHEDOCU«iNTM!.HAVE  EXPERIMENT  IS  INCLUDED 
212371C»H0DGE,  D.B.*A  SIMPLE  METHOD  FOR  THE  DETERMINATION 

tdapt^mpd^  nnINno^LL  DIMENSIONS  AND  OR  I ENT AT  I ON*CON- 
TRACT  NGR-36-008-080«NO  #»SEPT  1973*N74-10578*A  SIMPLE 
METHOD  IS  PROPOSED  FOR  THE  DETERMINATION  OF  EFFECTIVE 
RAIN  £EuVw?ISi^,10NS  AND  ORIENTATION.  two  rain  cell 
MODELS  have  BEEN  CONSIDERED;  THE  CIRCULAR  CELL  AND  THE 
ELL  I PT 1 C AL  CELL.  IN  BOTH  MODELS  IT  IS  ASSUMED  THAT 

THE  RAIN  RATES  CONSTANT  THROUGHOUT  THE  CELL  . THE 

RESULT RAIN  CFLL  CHARACTERISTICS  ARE  OF  DIRECT  VALUE 
IN  THE  PREDICTION  OF  MM  WAVELENGTH  ATTENUATION  STATISTICS 
ON  BOTH  SINGLE  TERMINAL  AND  DIVERSITY  EARTH  SPACE  PROPA- 


GATION PATH  AS  WELL  AS  POINT  TO  POINT  DOMES T I C L INKS 

~ 1 ' - "Jr-  ~ 


511173A*IPP0LIT0,  L.J.*TWENTY  AND  THIRTY  GHZ  MILLIMETER 

W$VE  EXPERIMENTS  WITH  THE  ATS-6  SATELLITE*NO  #»NO  #*1975»N75- 
33 15 4* THE  ATS-6  (APPLICATIONS  TECHNOLOGY  SATELLITE)  MM  WAVE 

IMPLEMENTED  BY  THE  NASA  GODDARDV 
SPACE  FLIGHT  CENTER  (GSFC),  HAS  PROVIDED  THE  FIRST  DIRECT 
MEASUREMENT  OF  20  AND  30  GHZ  EARTH-SPACE  LINKS  FROM  AN 
ORBITING  SATELLITE.  THIS  REPORT  CONTAINS  THE  FIRST  COMPRE- 
HENS I VE  PyBJ.ICAJION_OF  INIII  A^DATA^RESULTS_OF  THE  ATS -7/6 


MAJOR  PARTICIPATING  ORGAN- 


MM  WAVE  EXPERIMENT  FROM  THE 
IZAT  I ONS  . •»* 

51117?9«FAnG , D.J. ^PRECIPITATION  ATTENUATION  STUDIES  BASED 
ON  MEASUREMENTS  OF  ATS-6  20-30-GH7  REACON  SIGNALS  AT 
CLARKSBURG,  MD^CONTRACT  N A S5 -2 0 7 4 0 «NO  #»AUG  1976*N77- 
2 3 295* COMSAT  LABS  PARTICIPATED  IN  THE  MM  WAVE  PROD  EX- 
PERIMENT UNDER  NASA  NA S5 -? 0740 . PERFORMING  MEASUREMENTS 
OF  THER  20/30-GHZ  ATS-6  SATELLITE  BEACON  SIGNALS  AND 
AUXILLIARY  MEASUREMENTS  SUCH  AS  RADIOMFTRIC  SKY  TEMPERA- 

Wiil(:A|!{sBJiga^TiRSiAIIlftT48BESTTg,-i^ig^euNBiRST.ND^G 

KTaHSTpWia8#M?lscg0iftcIS,,&SiIEg 0F  THE  EaRTH  stTELLITE 

A5ll;2£i!iS*B?0FfKinG;V*LA*THEORY  0F  AEROSOL  DETERMINATION  BY 
MEANS  OF  LIDAR  (IN  DUTCH)*NO  «*NO  #*SEPT  1 Q 76 »N 7 7 - 2 4 9 33 * 
THIS  REPORT  DESCRIBES  A STUDY  OF  THE  FEASIBILITY  OF  AEROSOL 
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DETERMINATION  BY  MEANS  OF  a 2-COLOR  mie-lidar.  these 
AEROSOLS  ARE  IMPORTANT  FOR  DETERMINATION  OF  FAR  IR  TRANS- 
MISSION. AFTER  AN  OUTLINE  OF  THE  SCATTERING  THEORY  AND  A 
DESCRIPTION  OF  AEROSOL  PROPERTIES,  THE  RESULTS  ARP  GIVEN 
OF  CALCULATIONS  FOR  SOME  AEROSOL  MODELS.  THE  EXTINCTION 


STRONGLY  wavflength-qfpendent 
ACCOUNT  ONLY. lN_SOME 


POSSIBLE 


OF  FOGS  DOESN'T  SfEm  TO  BE  STRONGLY 
EXPERIMENTAL  ERRORS  TAKEN  INTO  ACCOUNT 
CASES  DETERMINATION  OF  AEROSOL  PARTICLE  SIZE  SEEMS 
_ BUT  WILL  NOT  CHANGE  THE  CONCLUSION  DRAST I C ALLY  . *•« 
523732H»M0UNT,  W . D . "CAPAB 1 L I T I ES  OF  MILLIMETER  WAVE  RADIO- 
METERS FOR  REMOTELY  MEASURING  TEMPERATURE  PROFILES  PERTI- 
NENT TO  AIR  POLLUT ION*CONTRACT  PH86-67-76»N0  #"1968* 
PB-186  189»ANALYTI CAL  AND  EXPERIMENTAL  RESULTS  ARE  PRE- 
SENTED.EOR  REMOTELY  MEASURING  LOW-LEVEL  AIR  TEMPERATURE 


PROFILES  WITH  A MM  WAVE  R A ] 
CORRESPONDENCE  EXISTS  BETWf 


IOMETER.  NEARLY  A 1 TO  1 

_ EN  THE  RADIOMETERS  AND  THE 

RADIOSONDE  AND/OR  TOWER  DATA  OUTPUT  FOR  SUPER  DIELECTRIC 
AND  OTHER  LAPSE  TEMPERATURE  CONDITIONS.  A MEASURE  OF  THE 
HEIGHT  AND  THE  MAGNITUDE  OF  TEMPERATURE  INVERSIONS  WAS 
ALSO  OBTAINED  REMOTELY  WITH  THE  RADIOMETRIC  TECHNIQUES. 

THE  RADIOMETRIC  MAGNITUDE  OF  THE  INVERSION  IS  CONSTANTLY 
LESS  THAN  THAT  MEASURED  DIRECTLY  AND  YET  NO  ATTEMPT  HAS 
BEEN  MADE  TO  CORRECT  FOR  THIS  BIAS.  THE  FEASIBILITY  HAS 
BEEN  ESTABLISHED  FOR  MEASURING  REMOTELY  THE  UNSTABLE. 
NEUTRAL » AND  STABLE  METEOROLOGICAL  CONDITIONS  PERTI- 
NENT TO  AIR  POLLUTION  PR08LEMS.*# 

513381K*HUGHES , V.W.  AND  LAMB.  JR.,  W . E . *M I CRO WA VE  ANDO/ 
OPTICAL  SPECTROSCOPY  OF  ATOMS,  MOLECULES  AND  PLASMAS 

AND  ATOMIC  COLLISION  STUDIES "CONTRACT  # F44620-71- 

C-0042*NO  #*SEPT  1974*AD-A000  577»RESEARCH  HAS  BEEN  DONE 

on  the  following  topics:  d "quantum  electrodynamics  and 

FUNDAMENTAL  ATOMIC  CONSTANTS,"  INCLUDING  "PRECISION 
STRUCTURE  USING  FAST  MONOENERGET I C ATOMIC  BFAMS,"  2) 
"ATOMIC  AND  MOLECULAR  STRUCTURE,  INCLUDING  VIBRATIONAL 
STATES  OF  HD  + ";  3)  "ELECTRON-  AND  HEAVY  P AR T I CLE- A TOM  I C 

COLLISIONS."  INCLUDING  "ELECTRON  TRANSFER  STUDIES  USING 
AN  ATOMIC  HYDROGEN  TARGET,  INCLUDING  COLLISIONS  OF  ALPHA 
PARTICLE  WITH  HYDROGEN  AND  HELIUM  ATOMS,"  STUDIES  USING 
THE  MERGING  BEAMS  TECHNIQUE:  ONE  AND  TWO  ELECTRON 
LAR  COLLISIONS  IN  THE  EV  ENERGY  RANGES",  "POLARIZE 
ELECTRONS , ""LOW  ENERGY  SCATTERING  OF  POLARIZED  ELI 
BY  POLARIZED  HYDROGEN  ATOMS,"  AND  "TIME  OF  FLIGHT 
INVESTIGATION  OF  MOLECULAR  DISSOCIATION 
THE  COLL  I S I ONAL  QUENCHING  OF  METASTIBLE 
OF  OPTICAL  MASERS. """X 
5137611 "SHEFRIN,  K.S.,  ED  I TOR^TR ANSFER  OF  MICROWAVE  RADIATION 
IN  THE  ATMOSPHERE,  TRANSACTIONS  OF  THE  MAIN  GEOPHYSICAL 
OBSERVATORY  IN.  A. I.  VOYEGLEAR  NO.  222«N0  #* 
HYDROMETEOROLOGICAL  PRESS,  LEN I NGRAD1968* JULY  1964*NASA 
T TF -590  *TH I S COLLECTION  OF  ARTICLES  CONTAINS  THE  RESULTS 
OF  BOTH  THEORETICAL  AND  EXPERIMENTAL  INVESTIGATIONS  OF 
THERMAL  EMISSION  FROM  THE  ATMOSPHERE  AND  THE  UNDERLYING 
SURFACE  IN  THE  CM  AND  MM  REGIONS  OF  THE  SPECTRUM.  THE 
PROBLEM  OF  UWAVE  RADIATION  IN  A CLOUD-FREE  ATMOSPHERE, 

IN  CLOUDS,  AND  IN  PRECIPITATION  ARE  STUDIED:  THE  REFLECTION 


PRODUCTS 
ATOMS, " 


MQLECU- 

;D 

:CTRONS 

AND 

4)  "THEORY 
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AND  RADIATION  OF  THE  ROUGH  SURFACE  OF  THE  SEA  AND  THE  ICE 
COVER  ARE  INVESTIGATED  AND  THE  CONTRAST  IN  RADIO  BRIGHT- 
NESS TEMPERATURE  OF  THE  ICE  FIELD,  THE  ZONE  OF  CLOUD  COVER, 
PRECIPITATION  AND  THE  REGIONS  OF  REVERSED  HUMIDITY  ARE 
EVALUATED.  THE  POSSIBILITY  OF  USING  RADIO  EMISSION  IS 
EVALUATED  FROM  THF  VIEWPOINT  OF  SOLVING  INVERSE  PROBLEMS, 
I.E.,  SOUNDING  OF  THE  ATMOSPHERE  AND  THE  UNDERLYING 


SURFACE  FROM  AIRCRAFT.#* 

5?353lA*K0NpRATYEV  > K.Y.,  ET  A L . *M I C RO W A VE  REMOTE  ENVIRONMENT 
SO  UN  D I NG  *N  AS  A T T -F -1  ft 9 30 *NO  #*JULY  1976#N76-27449*THIS  IS 
A LONG  ARTICLE  ON  MICROWAVE  REMOTE  SOUNDING  --  MICROWAVE 
RADIOMETRY.  CALCULATIONS  ARE  FOR  THE  . 8 CM  - 3.2  CM  WAVE- 
LENGTH REGIONS,  ALTHOUGH  THERE  ARE  DISCUSSIONS  ABOUT 
MEASUREMENTS  IN  THF  .3-3.2  CM  RANGE  IN  THE  ATMOSPHERE, 

SOIL,  OIL  SPILLS,  ICE  COVER.  CALCULATIONS  OF  DIELECTRIC 
CONSTANTS  OF  SOILS  ARE  ALLUDED  TO,  IN  THE  8.1  - 214  MM 
RANGE.  THERE  IS  A 167-ELEMENT  BIBLIOGRAPHY  IN  DIELECTRICS, 
RADIOMETRY  THAT  IS  VERY  GOOD.*# 

212761  G*KOMFN,  M.*METHODS  FOR  CORRECT  I NG  MICROWAVE  SCATTERING 
AND' EMISSION  MEASUREMENTS  FOP  ATMOSPHERIC  EF FE C T S » N A S A -CR - 
14718 «■  NO  #*AUG  1975 »N76-27629*A[  GORYTHMS  HAVE  BEEN  DEVELOPED 
TO  PERMIT  CORRECTION  OF  SCATTERING  COEFFICIENT  AND  BRIGHTNESS 
TEMPERATURE  FOR  SKYLAB-5-193  RAD  SCAT  (13.9  GHZ  RAD  I OMETER  ) 
FOR  THE  PFFECTS  OF  CLOUD  ATTENUATION.  THESE  ALGoRYTHMS 
DEPEND  ON  A MEASUREMENT  OF  THE  VERTICALLY  POLARIZED  EXCESS 
BRIGHTNESS  TEMPERATURE  AT  50-DAY  INCIDENCE  ANGLE. 

THE  EXCESS  TEMPERATURE  IS  CONVERTED  FROM  EQUIVALENT  50 
DAY  ATTEN.,  WHICH  MAY  THFN  BE  USER  TO  ESTIMATE  THE  HORI- 
ZONTAI  LY  POLARIZED  EXCESS  BRIGHTNESS  TEMPERATURE  AND 
RFDUCED  SCATTERING  COEFFICIENT  AT  50  DEG.  FOR  ANGLES 
OTHER  THAN  50  DEG,  THE  CORRECTION  ALSO  REQUIRES  USE  OF  THE 
VARIATION  OF  EMISSIVITY  WITH  SALINITY  AND  WATER  TEMPERATURE. 
ROUTINES  IN  FORTRAN  IV  ARE  PRESENTED  FOR  THESE  CALCULA- 


TIONS . ** 

231  581K*BLUE,  M . D . *PERM I T T I V I T Y OF  WATER  AT  MILLIMETER  WAVE 
LENGHTS»N56-508?*NO  #*AUG  1976*N76-30911*THIS  REPORT 
COVERS  WORK  PERFORMED  ON  THE  PERMITTIVITY  OF  SEAWATER  AND 
ICE  AT  100  GHZ.  MEASUREMENTS  ON  WATER  WERE  FROM  0 DEG 
C TO  50  DEG  C;  ON  ICE,  NEAR  -1.0  DEG  C.  IN  ADDITION,  A 
SMALL  NUMBER  OF  MEASUREMENTS  WERE  MADE  ON  REFLECTIVITY  OF 
ABSORBER  MATERIALS  USED  IN  THF  PROGRAM  "RE- 
SEARCH ON  MM  WAVE  TECHNIQUES."  AT  103.86  GHZ-  THE  FOLLOW- 
ING RFSULTS  ARE  GIVEN:  FREE  WATER:  REFLECTIVITY  - 0.392 
+ OR  - -014;  INDEX  OF  REFRACTION  M = 3.24  - I 1.825: 

APPROPRIATE  DIELECTRIC  CONSTANTS  ARE:  E'  - IE"  = 7.16  - 
I 11.825.  FOR  SEA  WATER  (.7N  SOLAR  OF  NACL  ) ■ R(SALT 
WATER  ) /R ( FRESH  WATER)  = 1.0056  + OR  - .010.  FOR  SALT 
WATER  FROM  THE  GULF  OF  MEXICO,  R ( S AL  T WATER )( R ( FRFSH  WATER)) 
= 1,0041.008.  THUS,  ONE  CAN'T  DETECT  THE  EFFECT  OF  SALT 
IN  WATER  AT  100  GHZ-  FOR  ICE  AT  99  GHZ:  R(ICE)  = .0785  + 

OR  - .0112)  N = 1.78  + OR  - -08;  E = 3.17  + OR  - .27. 

THE  LITERATURE  INDICATES  NO  ABSORPTION  OR  DISPERSION  OF 
ICE  IN  MM-CM  BANDS . »# 

?12371M«MAWIRA , A.  AMD  DICK,  J . *DEPOL AR 1 ZAT I ON  BY  RAIN. 

SOME  RELATED  THFRMAL  EMISSION  CONSI DERATI ONS«NO  #* 
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EINDHOVEN  UNIVERSITY,  REPORT  TH-75-E-61#SEPT  1975# 
N77»2l284*THIS  REPORT  DEALS  WITH  THE  E & M PRDPPPttpq  nr 

2 ARP  1 nUT|C?wPn  1 tucGd  a c t X 1 SYMMETR  I C RAIN  DROPS.  IN  SECTION 
wcc?fr  BASIC  ASSUMPTIONS  UNDERLYING  THE  IN- 

wnSIr  P.oli®  S ^ SECTION  3 CONCERNS  THE  PROPAGATION  OF  A 
nc^PrHu?Tu^i WAVE  THROUGH  THIS  MEDIUM.  SECTION  4 

^ fHE°STOKisMsfcEcfi!u,V^foRSlEjRFC^NUTTfSN 
Ri^ERR^NG'TO^MONOCHROMATIC^S^GNALS^SUCH^AS^THE^CRols 

5 I Jiig»“R8!«E?§  ^sflifg Ik W , "I  0 %-^E 

52?}?{EAI^6R?RS?SGtTi2?Kl??°^!)jAII3i  T,35NERR^Sl:G.!roRTY 

cvLhSruc^c^u^K  ASSESSMENT  AND  FORECAST  iNCLUDING 

EXECUTIVE  SUMMARYttNO  #*NO  #*MAY  1 97  6*  N7  6”  27  31  9*  TH  P RE^Ui  TR 
OEASURVEY  TO  DETERMINE  CURRENT  DEMAND  AND  TO  FORECAST^ 
GROWTH  IN  DEMAND  FOR  USE  OF  THE  40  AND  80  BANDS  Diirtnp 

# IlcSn  I ?RB. 

mInt!  W|R|U?gifi?  I?ViDPg^i  ATPBRic5^C?i-HAoiTeNTi|LlSP^|ViP' 
f?5{Wli“rTC| Sg^^SVTi1  2Kd  'B  J fSin?  “dJ^rI?  t?HZ  ?SrNeDI  here 

SERVICES  FOR  THE  1980-2000  TIME  PERIOD  --  INTERACTIVE  tv 
H GH  QUALITY  3 STEREO  PAIR  AUDTo,  AND  30  MB  DATA  II  ARE  ’ 
GIVEN  WITH  SYSTEM  REQUIREMENTS  AND  DOWN-LINK  CALCUI  ATTONE 
B61282N.QUERRY.  MARVIN  R.;  OSBORNE,  GORDON;  LICS?  KEN? 

and  coveney,  JR**  r.m.*complex  index  of  re- 

nPT??4  wnf  LIMESTONE  IN  THE  VISIBLE  AND  IR»NO  #*APPLIED 
OPTICS,  VOL.  17,  NO.  3,  353-356 , #1978*NO  ## 

NEAR  NORMAL- I NC I DENCE  RELATIVE  SPECTULAR  REFLECTANCE  WAS 
MEASURED  THROUGHOUT  THE  0.2-J2.8-UM  WAVELENGTH  REGION  FOR 
M»?in  CUT  AnB  POLISHED  SAMPLES  OF  BETHANY  FALLS  LIMFSTONE 
WATER,  FOR  WHICH  THE  COMPLEX  REFRACTIVE  INDEX  IS  WELL 
KNOWN,  WAS  THE  REFLECTANCE . STANDARD . ALTHOUGH_THE  VISUAL 


, ## 


ifferent, 
- samples 


APPEARANCES  OF  THE_THREE  SAMPLES  WERE  QUITE 
^clcR^,bA  S,1  CIANCE  SPECTRA  FOR  THE  THRL 

WERE  NEARLY  IDENTICAL.  THE  THREE  RELATIVE  REFLECTANCE 
SPECTRA  WE R£  AVERAGED  TO  OBTAIN  A COMPOSITE  RELATIVEC 
rluk^SJ SPECTRUM . KRAMERS-KRON I G ANALYSIS  OF  THE 
cDcr9iIiTE.,^LAT  I VE  REFLECTANCE  SPECTRUM  THEN  PROVIDFD 
SPECTRAL  VALUES  OF  THE  COMPLEX  REFRACTIVED  INDEX  FOR  LIME- 
STONE.  A CLASSICAL  LORENTS  DISPERSION  ANALYSIS  WAS  ALSO 
MADE  OF  THE  COMPOSITE  RELATIVE  REFLECTANCE  SPECTRUM,  AND 
Icn  of  Snk1'Iu9n?J.S?ER^  1 0N  PARAMETERS  WERE  TABULATED.  INFRA- 

, e9^«CHARACTER I ST  I C OF  THE  CARBONATE  ION  C03  OF  THE  CALClTE 
oDcr?if  NG  THE  LIMESTONE  APPEARING  AS  STRONG  FEATURES  IN  THE^ 
br  tl  T K A . # 
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B6r£™???n£'r^’£\*EXALUATI0N  0F  INDEX  PROPERTIES  OF  NATURAL 
Annn^nl?^ruc  £Pk£R^ET£R  STUDIES#NO  #»NO  #«SEPT  1974#AD- 
ncRP,-Z2^*THE  dependence  of  the  POLARIZATION  of  R An  I a T I on 
reflected  by  surfaces  composed  of  naturally  occurring 

SOIL  ON  INDEX  PROPERTIESf  SUCH  AS  MOISTURE  (WATER) 
CONTEND.  TEXTURE,  AND  COMPOSITION  OF  TH^  SOR  SAMSES 

LVAMTN  Ln  T M r\  f T A T \ r il  ^ i i I i n ^ 


HAS  BEEN  EXAMINED  IN  DETAIt 
SPECTRAL  INTERVALS  OVER  THi 


INTHELA80RAT0RY  IN  SELECTED 

RaT'i  A70»UTwnc  ' ,~d  * ^ I 5 B AD  t M v I § I E AND  NEAR  IR  REGIONS.#* 

Moj.xo39*HINDS#  B • D • # K I MBERL  I N a R , F , j AMD  H 0 1 n A I E * g R » 

TucNnu?TcLclMncDMSI  OCCURRENCE.  I:  ATMOSPHERIC  DUST  OVER 

ocnnnr  MISSILE  R A N G E # E C 0 M - D R - 7 5 - 2 * N 0 #«APRIL  1975»AD-*A010  335#TI 

REPORT  pROV 1 DES  AN  OVERVIEW  OF  PUBLISHED  AND  SOME  UNPUBLISHED  ^ T( 

DATA  on  ATMOSPHERIC  DUST  OVER  THE  WHITE  SANDS  MISSIlE  RANGE 
NM  AREA.  THE  SURVEY  ENCOMPASSES  THE  OCCURRENCE  OF  RSTY 
CONDITIONS.  AND  THE  EFFECT  OF  THE  DUST  ON  THE  PROPAGATION 
nr  ni ip t M AND  AC0USTIC  ENERGY  AND  PER-SE  PROPERTIES 

Ur  L)Uo  I . 

B6ll61A#HI NDS,  B.D.  AND  HOLDALE.  G . R . ^BOUNDARY  LAYFR  DUST 
OCCURRENCE.  IV.  ATMOSPHERIC  DUST  OVER  SELFC . . . . *ECOM- 
PRrZZ"^NO  #«JUNE  1977»AD-A041  077*THIS  IS  THE  FOURTH  IN 
A SERIES  OF  REPORTS  DESIGNED  TO  PROVIDE  A GUIDE  FOR  THF 

9?5HRRINSE  0F  DUST  OVER  SELECTED  GEOGRAPHICAL  AREAS 

TABULAR  DATA  ON  THE  DURATION  AND  THE  DIURNAL  AND 
MONTHLY  OCCURRENCE  OF  BLOWING  DUST  ( V I S I B I L I T Y LESS 
THAN  11  KM)  AND  OF  DUST  STORMS  (VISIBILITY  b 

LESS  THAN  1 KM)  ARE  PRESENTED  BY  45  STATIONS  WHICH 

B61  lft2r#H?Mn^  Ll AnT  Awn  En!nAi(c%)rWlTHtJL0WING  OUST.#* 
yC)ll  x*  C*H  INDS  # B.D,  AND  HOLDALE>  G . B . »BOUNDA RY  LAYFR  DUST 

OCCURRENCE.  III.  ATMOSPHERIC  DUST  OVER  RUSSIA..!?#  °UST 

i00M-DR-77-2*N0  #*MA Y 1977#AD-A040  581*THIS  IS  3RD  IN  A 

SERIES  OF  REPORTS  DESIGNED  TO  PROVIDE  A GUIDE  TO  THF 

OCCURRENCE  0F  ATMOSPHERIC  DUST  OVERSELECTEDGEOGRAPHIC 

g|!u  REnEe* TAMS¥S  SndAONN!;eEDUR«TION  ?{?f5I,?SR0F 

|fVif|?CiUMfE|!RISSg  JrHEDJItBsFT8|MB25¥^5  0UST 

THAN  1 KM)  ARE  PRESENTED  FOR  85  STATIONS  IN 
,N  S0V,ET  rE"TR#L  UN,0N-  4ND  54 

D2SPECTRo!cOPIC  DiAGNOSTICSLOFEIONIZATfoN  I ^GASEOUS AN° 

PL ASMAS*GR ANT  AF0SR-'72‘~2338-&N0  # J U L Y 1975#AD— AOPfi 

THE  dependence  of  the  reaction  rate  constant  k for  the 

PROCESS  ARC+)  + 2AR  GOES  TO  AR(+)  2 + AR  WAS  EXAMINED 
WITH  35  GHZ  RADIATION  OVER  1.E13  - 1.E11  EL FCTRONS  r m-x 
IN  ARGON  AFTERGLOWS  K WAS  VARIED  FROM 2.9 TO 1 5X10-31 
CM3  SEC  - 1 AS  THE  INPUT  POWER  VARIED  FROM  IS  TO  3SD  MP  rvi.7 
ANALYSIS  OF  THE  HELIUM  AFTERGLOW  DECAY  WAS 
CARRIED  OUT  WITH  A 1 -D  I MENS  I ON AL  CYLINDRICAl  CODE 
PROGRAMMED  SUCH  THAT  IMPORTANT  PAR AMFTERS  CAN  BEERF A n T i Y 
VARIED  TO  SUCH  EXPERIMENT.  THE PLASMA  CHAR AC  TER  I ST  I rR  Y 
Of! _.A  PULSED  HCN  LASER  WERE  STUDIFU  WITH  LINF  EMISSION 
DENSITY. !IGNFICANT  PR°DE  COMPRESSION  NEAR  THE  CONTROL 
222411D#D6wNS,  A.R.*A  MODEL  FOR  PREDICTING  THE  RAIN  BACK- 
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SCATTER  FROM  a 70-GHZ  RADAR*BRL-MR-2467*N0  #"MAR  1975"AD- 
A 0 0 9 699»A  MATHEMATICAL  MODEL  REQUIRING  LITTLE  COMPUTER 
TIME  HAS  BEEN  DEVELOPED  TO  PRFDICT  THE  INTENSITY  OF  70-GHZ 
RADAR  BACKSCATTER  BY  RAIN.  THE  BACKSCATTER  MODEL  IS  BASED 
ON  AN  OPTICAL  RADIATIVE  TRANSFER  MODEL  DEVELOPED  UNDER  THE 
AMC  TARGET  SIGNATURE  ANALYSES  PROGRAM.  THE  DESCRIBED 
APPROACH  WAS  TAKEN  IN  ORDER  TO  DEVELOP  A BACKSCATTER  EQUA- 
TION INDEPENDENT  OF  THE  RADAR  FREQUENCY  SO  THAT  THE 
EQUATION  CAN  BE  SOLVED  BY  SPECIFYING  THE  NEEDED  FREQUENCY 
DEPENDENT  INPUTS.  THE  BACKSCATTER  EQUATION  IS  DERIVED 
AND  THE  INPUTS  PERTAINING  TO  70  GHZ  ARE  CALCULATED  AND 
PRESENTED  IN  THE  FORM  OF  GRAPHS  AND  TABLES. «* 

C11731B*SI  LVER  , SAMUEL  AND  WELCH.  WILLIAM  J. "SOLAR  RADIATION 
AND  ATMOSPHERIC  ABSORPTION  IN  THE  M I LL I METFR"NO  #"NO  #* 

JAN  19  70 "A  D” 70  3 697"THIS  IS  A PROGRESS  REPORT  FOR  THE 
PERIOD  AUG  1.  1969  - JAN  31.  1970  ON  MM  WAVF- 
ASTRONOMY  ACTIVITY  AT  THE  SPACE  SCIENCES  LAB..  U.  OF  CAL., 
BERKELEY.  OBSERVATIONAL  STUDIES  EITHER  IN  PROGRFSS  OR 
COMPLETE  ARE  FOR  THE  FOLLOWING  RADAR  SOURCES:  VIRGO  A, 
SATURN,  VERNUS,  JUPITER,  THE  SUN,  GALACTIC  MOLECULAR  LENS 
SOURCES,  AND  THE  OBSERVABLE  QUASI  STELLAR  OBJECTS.  FUTURE 
DEVELOPMENTS  WERE  DISCUSSED  - AN  INTERFEROMETER  SYSTEM  - 
EARTH  1-20  FT  ANTENNA  AND  A 10-FT  ANTENNA. ** 
B2155lE"MCSWEENEY , ALBERT  AND  SHEPPARD,  ALBFRT  P, "MILLIMETER 
AND  SUBMILLIMETER  WAVE  DIELECTRIC  MEASUREMENTS  WITH  AN 
INTERFERENCE  SPECTROMETER*CONTRACT  NONR-991 (13) "NO  #* 

APR  l970#AD-709  983*THIS  IS  A PROGRESS  REPORT  SUMMARIZING 
WORK  DONE  UNDER  THE  ABOVE  CONTRACT  FROM  15  APRIL  1964  - 
14  APRIL  1970.  A NUMBER  OF  ARTICLES  ARE  GIVEN  IN  ENTIRETY, 

' " ' " OPEN  LITERATURE.  THE  CHIEF  EXPERIMENTAL 
1 AS  A 30-CM  APERTURE  MlCHELSON  INTER- 
ER  FOR  STUDYING  DIELECTRIC  MATERIALS 
AT  FRQUENCIES  FOR  50-3000  GHZ  REGION  (1.67-100  CM-1). 

THIS  REPORT  SUMMARIZES  HOW  THIS  INSTRUMENT  HAS  BEEN  USED 
TO  OBTAINDIELECTRIC  CONSTANT,  LOSS  TANGENT  AND  TRANSMISSION 
COEFFICIENT  OF  MATERIAL.  RESULTS  OF  MEASUREMENTS  ARE  GIVEN 
AS  APPENDICES  TO  THIS  REPORT,  ON  DIELECTRIC  MEASUREMENTS  . ** 
522682DMSHIMARU,  A.  AND  HONG,  S . T . "PROPAGAT I ON  CHARACTERIS- 
TICS OF  A PULSE  WAVE  IN  A DISCRETE  T I ME*CONTRACT  NO.  F19628- 
74-C-0009*NO  #*MAR  1974"AD-782  029"THE  PROPAGATION  CHARAC- 
TERISTICS. COHERENCE  TIME,  COHERENCE  BANDWIDTH,  AND  PULSE 
TRANSFORM  OF  A WAVE  PASSING  THROUGH  A DISCRETE  TIME 

MEDIUM  ARE  CONSIDERED  IN  THIS  REPORT.  THEY 
ON  FOLDY-KOERSBY  THEORY.  USING  THE  FIRST 
- EXPLICIT  EXPRESSIONS  ARE  GIVEN  FOR  PLANE, 
BEAM  WAVES.  THESE  EXPRESSIONS  APPLY  TO 


VARYING  RANDOM 
ARE  FORMULATED 
ORDER  SOLUTION 
SPHERICAL,  AND 


THE  CASES  OF  SMALL  TRANSMITTING  BANDWIDTH  AND  FOR 


SHORT  PROPAGATION  DISTANCES.  NUMERICAL  CAL 
MADE  FOR  MM  WAVE  PLANE  AND  SPHERICAL  WAVES 


lib 


ATIONS  ARE 
PAGATED 


THROUGH  RAIN.** 

522681C*SCREEN IVASHI AK  , T.  AND  ISHIMARU 
PULSE  PROPAGATION  THROUGH  ATMOSPHERIC 


AND  OPTICAL 


A . "PLANE 
TURBULENCE 


WAVE 
AT  MM 


FREQUENCIES* CONTRACT  F 19 62 8- 74 -C -0 00 5* NO  #* 
MAR  1974*aB-782  030*STARTING  FROMTHE  PARABOLIC  EQUATION 
FOR  A WAVE  PROPAGATING  IN  A RANDOM  MEDIA,  THE  EQUATION 
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FOR  THE  GENERAL  MUTUAL  COHERENCE  FUNCTION  IS  DERIVED, 

AND  A SOLUTION  IS  OBTAINED  FOR  THE  SAME  USING  A PERTURBA- 
TION TECHNIQUE,  ASSUMING  THE  KOLMOGWOR  SPECTRUM  FOR 
THE  FLUCTUATIONS  OF  THE  REFR AC T I VF  INDEX  AS  IT  IS  SHOWN 
THAT  THE  SOLUTION  SO  OBTAINED  IS  EXACT  WHEN  THE  COHERENCE 
FUNCTION  IS  EVALUATED  AT  A SINGLE  POINT,  AND  AT  THF  SAMc 
TIME,  BUT  AT  TWO  DIFFERENT  F RFQUENC I ES . * * 

523731H»ALTSHULER , E.E.;  WULFSHERG,  K.N.;  AND  KALAGHAN, 

PAUL  M . * ATMOSPHER I C EMISSION  STATISTICS  AT  35  GHZ#NO  ## 
JOURNAL  DE  RESHORCHES  ATMOSPHERI QUES , P 43  8- 44  2#  19  74  «A  D- 
782-74l*RADI0METRIC  METHODS  OF  OBTAINING  TOTAL  ATMOSPHERIC 
ATTENUATION  ARE  REVIEWED.  ATMOSPHERIC  EMISSIONS  AT  35  GHZ 
WERE  CONTINUOUSLY  MONITORED  BY  A ZENITH  POINTING  RADIO- 
METER DURING  THE  PERIOD  FROM  NOV  1972  THROUGH  JULY 
1973.  SEASONAL  PERCENT  TIME  DISTRIBUTIONS  OF  APPARENT 
ZENITH  SKY  TEMPERATURE  AND  THE  CORRESPONDING  A TTFNUA  T I ON 
ARE  PRESENTED.  SEPARATE  PERCENT  TIME  DISTRIBUTIONS  FOR 
APPARENT  SKY  TEMPERATURE  AND  RAIN  RATE  WERF  ALSO  OBTAINED 
FROM  THOSE  DATA  AND  IT  WAS  POSSIBLE  TO  PLOT  ATTENUATION 
VS  RAIN  RATE  BY  USING  CORRESPONDING  VALUES  OF  THOSE 
PARAMETERS  HAVING  THE  SAME  PERCENT  TIME.  DURINGTHE 
MEASUREMENT  PROGRAM  THERE  WERE  28  RAIN  STORMS:  IT  WAS 
FOUND  THAT  APPARENT  SKY  TEMPERATURE  AND  RAIN  RATE  WERE 
POORLY  CORRELATED. ## 

622731F#BARRETT , A.H.;  LAM,  K.S.;  AND  STAELIN,  D.H.#ATMO- 
SPHERIC  MEASUREMENTS  AT  MILLIMETER  WAVELENGTH5»C ON  TRACT 
Fl9628”73-C-Ol96»NO  ##DEC  1974#AD-A006  128#THIS  STUDY 
ADDRESSES  THE  PROBLEM  OF  MEASURING  METEOROLOGICAL  PARA- 
METERS BY  VIRTUE  OF  THE  NATURAL  THERMAL  EMISSION  OF  THE 
ATMOSPHERE  OF  MM  WAVELFNGTHS.  THREE  TOPICS  ARE  discussed: 
1)  THE  02  ABSORPTION  COEFFICIENTS  ARE  COMPUTED  USING  A 
FOREIGN  GAS  APPROACH  BASED  ON  THE  LIOIJVILLE  SPACE  FOR- 
MULATION. NUMERICAL  RESULTS  WERE  OBTAINED  FOR  PURE  02 
WITH  ROTATIONAL  QUANTUM  NUMBER  N=1  THROUGH  N=ll  FOR  T = 

300  DEG  K.  2)  THE  JOINT  USE  OF  THE  60  GHZ  AND  118  GHZ 
02  RESONANCES  FOR  DETERMINING  CLOUD  WATER  CONTENT  AND 
ALTITUDE  DISTRIBUTION  IS  DISCUSSED.  3)  THE  118  GHZ 
RECEIVER  FOR  MEASURING  THE  118  GHZ  ATMOSPHERIC  SPFCTRUM 
IS  DESCRIBED.## 

223181E#ALTSHULER,  E.E.  AND  EBEOGLU,  D.B.#DOD  WORKSHOP  ON 
MILLIMETFR  WAVE  TERMINAL  GUIDANCE  SYSTEMS#NO  ##N0  ##MAY 
1976*AD-A026  270#ThIS  IS  A PROCEEDINGS  OF  A ONE-DAY  WORK- 
SHOP HELD  AT  A . F . CAMBRIDGE  RESEARCH  LABORATORIES  (AFCRL) 
ON  28  JAN  1976  ON  MM  WAVE  MEASUREMENTS  IN  ADVERSE  WFATHER. 
THE  OBJECTIVE  WAS  TO  EXTEND  THE  LEVEL  OF  UNDERSTANDING  OF 
THE  ADVERSE  WEATHER  PROBLEM  WITHIN  THE  DOD  IS  THAT  MM 
SYSTEMS  CAN  BE  TESTED  AND  DESIGNED  EFFECTIVELY.  THE  KEY 
FREQUENCIES  WERE  35  AND  95  GHZ.  IT  WAS  CONCLUDED  THAT  A 
BROAD  PROGRAM  OF  CONTROLLED  EXPERIMENTS  TO  MEASURE  THE 
EFFECTS  THAT  PRECIPITATION  AND  COOL  BACKGROUND  WOULD  HAVE 
ON  A SYSTEM  PERFORMANCE  SHOULD  BE  CONDUCTED.  IN  ADDITION, 
IT  WAS  RECOMMENDED  THAT  FLIGHT  TESTS  OF  MM  WAVE  SYSTEMS 
UNDER  ACTUAL  ADVERSE  WEATHER  CONDITIONS  BE  CARRIED  OUT.## 

B?1281D#YAMAM0T0,  HIROSHI  AND  OHKAWA,  SUM  I S#ME ASUREMENT  OF 
THE  DIELECTRIC  CONSTANT  AND  LOSS  TANGENT  BY  THE  TRANS- 
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RANGE*NO  U* 
827-829* 


mitted-Reflected  wave  method  in  the  mm  wave 

IEEE  TRANS.  MICROWAVE  THEORY  * TECH.  MTT-19 
OCT  1971*N0  #* A NEW  TECHNIQUE  FOR  MEASURING  THF  nTFl  PPTRtc 
CONSTANT  and  LOSS  TANGENT  OF  MATERIALS  IN  THE  MILLIMETER 

,THE  MEASUREMENT  APPARATUS  AN5 
,S  CONSIDERABLY  SIMPLER  THAN  THAT  USING 

?0cYMDiTi0nckMIf^NI0UE§  ■ . IHE  KEW  Technique  is  based  upon 
m AMnPDi<-Pl?TlIR  PAk  OPTICS  APPROXIMATION  in  which  A 
PLANE  REFLECTOR  IS  RQTATEb  so  AS  TO  MAXIMIZE  THE 
“iTTED-REFLr  ' ‘ " “ fc  ■ 


ONE  MI 


cte 
E “ 


En  WAVL 
FORM  IS 


trans- 


ONlY 


power  through  the  material 
^IV^VSnrrS^TTC'-r^  USED  IN  THE  MEASUREMENT . ** 

541133  I *BUSSOLETT  I . E.  AND  BULUTEUU,  J . P . “<DE TFRM  I NA T I ON  OF 

y2o/p2  stratospheric  mixing  ratio  from  high  resolution 

tnlCl5o  !K-,IHE  FAR  IR»NO  #MNFRARED  PHYSICS,  VOL.  14. 
293-302*l974*N0  #*ST R A TOSPHER I c EMISSION  SPECTRA  WERE 
OBSERVED  ABOARD  A CARAVELLE  In  THE  FREQUENCY  RANGE  30-250 
CM-1  OXYGEN  LINES  UP  TO  200  CM-1  HAVE  BEEN  IDENTIFIED 
□ Di-J  t nf  i„SP££TR£  £Np  COMPARED  WITH  LINES  THEN  ACTUALLY 
uSE?J,CIfP  LINES  DETECTED  PREVIOUSLY  BY  OTHER  AUTHORS 

UP  TO  115.7  CM-1.  USING  A METHOD  SUGGESTED  BY  BURROUGHS 
AND  HARRIS  WE  HAVE  MEASURED  THE  MIXING  RATIO  U OF  WATER 
VAPOR  TO  AIR  FROM  OUR  SPECTRA.  THE  VALUES  THAT  WE  FIND 
ARE  N Goon  AGREEMENT  WITH  THOSE  FOUND  BY  DIFFERENT  AUTHORS 
!nr^A$rJiEARs  AT  AIRCRAFT  AND  balloon  altitudes,  in 

ADDITION  TO  THIS,  AN  UNEXPECTED  BEHAVIOR  IS  SEEN  WHEN 
PAIRS  OF  LINES  OF  HIGH  FREQUENCY  ARE  USED.  THE  VALUES 
of  u change  in  t i m e CORRESPONDING  to  the  passages  OF  THE 
AIRCRAFT  THROUGH  STRATOSPHERIC  RFGIONS  WHERF  DIFFERENT 
_ PHYSICAL  CONDITIONS  EXIST. ** 

5411329*DALL'0GLI0,  G.;  FONTE,  S.J  ET  AL . *ATMOSPHER I C WINDOWS 
AND  BROAD  BAND  PHOTOMETRY  IN  FAR  IR  ASTRONOMY*NO  # * 

INFRARED  PHYSICS  14,  335-34 1*1974*N0  #»THE  FAR  IR  ATMO- 
SPHERIC W I NDOWS  HAVE  BEEN  OBSERVED  DURING  MANY  MONTHS  OF 
OBSERVATIONS  AT  THE  ALPINE  STATION  OF  TESTA  GRIGA  (3500  M 
ASLI).  THE  SEASONAL  AND  DIURNAL  VARIATION  OF  THE  ATMO- 
SPHERIC TRANSMITTANCE  FOR  EACH  WINDOW  HAVE  BEEN  MEASURED. 
THE  CONTRIBUTION  OF  THE  MINOR  ATMOSPHERE  COMPONENTS  IS 
ALSO  DISCUSSED. «* 

C42131G*DAlL’0GLI0,  G.J  FONTI.  S.J  GIRALDI.  G.;  ET  A|  . * 

AN  AUTOMATIC  RADIOMETER  FOR  THE  MEASUREMENT  OF  THF'ATMO- 
SPHERIC  EMISSION  AND  TRANSMITTANCE  IN  THE  FAR  IR»' 

NO  #MNFRARED  PHYSICS,  VOL  14,  3 03 - 3 21 *1 97 4 « NO  #*WF  HA  V^ 
DESCRIBED  AN  INSTRUMENT  TO  MEASURE  THE  ATMOSPHERIC  TRANS- 
MISSION THROUGH  THE  WINDOWS  BETWEEN  300  UM  AND  3000  UM . 

THE  RADIOMETER  OPERATES  AUTOMAT I CALL Y . SCANNING  THE  SKY 

INrSIfC§  QL,2t7.,deg  from  th£  horizon  to  the  zenith,  with 

THE  TIME  CONSTANT  AS  SELECTED  BY  THE  OPERATOR.  THF 
SPECTRAL  DISTRIBUTION  OF  THE  RADIATION  IS  MEASURED  USI NG  A 
MICHELSON  INTERFEROMETER  WITH  AN  OPTICAL  PATH  DIFFERENCE 
OF  + oR  " 12  CM>  USING  A 77  DEG  K REFERENCE  BLACKBODY, 

THE  ATMOSPHERIC  TRANSMITTANCE  CAN  BE  MEASURFD  WITHIN  AN 
ACCURACY  OF  BETTER  THAN  1%.  SOME  PRELIMINARY 
ARE  DESCRIBED.  OBTAINED  AT  THE  ALPINE  STATION 
GRIGA  (3500  M ABOVE  SEA  LEVEL). ** 

B522916*TAKAHASHI , SH I N- I CH I *Bl ACKEN I NG  FOR  SUB  MM  WAVE- 


RESULTS 
OF  TESTA 
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LENGthS*nO  #*IR  PHYSICS,  VOL.  13,  301-303*1973* 

no  blackening  technioue  is  described  for  the  far  ir 
region,  iron  sand  powder  is  found  to  be  in  excfli  fnt 
black  material  for  the  long  wavelength  Mion  (And  also 

•LAN  I ^LASo  ) * ^ ^ 

B5M?8iA£Brl?2E9Cll1,  MlG’  AND  melchiorri,  b. .materials  for 

MAKING  FAR  I . R . H:  PASS  TRANSMISSION  EILTERS*NO  #« 
INFRARED  PHYSICS,  VOL.  13,  184-211,  1973*N0  #*A  STUDY 
HAS  BEEN  MADE  OF  THE  OPTICAL  PROPERTIES  OF  30  COMPOUNDS 
tucTtBamcFi  cMAK ING  FAR  IR  FILTERS  OF  THE  YOSH I N aGaT YPE 


COMPONENT  IN  THE  FAR  I , R. 
S OF  THF  SAMPLE,  THE 
S ALSO  GIVEN  TO  ALLOW  AN 
F CUTTING 


THE  TRANSMISSION  CURVE  OF  EACH 

IS  given  for  various  thicknesse 

TRANSMITTANCES  IN  THE  NEAR  IR  la  M uo vj  u1vc:in  I 
APRROPRIATE  rHOIcEoOF  THE  MATERIALS  rAPABLE  0 
_cOFF  THENEARlI • R • RADIATION.**  l 

B.  AND  RABACHE,  P.*SYNTHETIC  TRANSMISSION 
SPECTRA  IN  THE  FAR-INFRARED  FOR  THE  LOW  STRATOSPHERE* 

NO  # * I NFRARE n PHYSICS,  VOL.  15,  189-199*197^*N0  #*THE 
AUTHORS,  present  a METHOD  FOR  THEORETICAL  analysis  OFfc 
SPECTRAL  TRANSMISSION  APPLIED  TO  THE  LOWER  STRATOSPHERE 

IN  THE  Far  infrared,  the  results  are  presented  as 

*4?^JnEu!  £ ?RECTRA  0F  HIGH  RESOLUTION.** 

54H^P^RrIES'  SWANN.  • — ' 

ROBINSON,  G.  ADMEASUREMENTS 

du vq?pcN  ^o.ECT?yM  FSGM  A balloon  platform*no  #*infraRed 

PHYSICS,  VOL.  13,  1 4 9- 15 5* 19 73 *N0  *A  DFSrRlPTTnN  iq 
GIVEN  OF  THE  MEASUREMENT,  FROM  A BALLOON  PLATFORM  OF 
7nEi/uUB  MPT^rVfLENGTH  EMISSION  OF  THE  STRATOSPHERE  ABOVE 
cDDK-rBncU^i  TG  a MICHELSON  INTERFEROMETER  AND  F0URIERH 
n?f,;TROoP°£ 1 c TECHNIQUES,  THE  SPECTRUM  HAS  BEEN  obtained 
WITH  A RESOLUTION  OF  .5  CM~1,  AND  FROM  THIS  A VALUE  OFb 
1.7  + OR  - .8  IN  GAMMA/KG  FOR  THF  HUM  I D I TY  M I X I Nfi  RAT T 0 
IN  THE  MIDDLE  STRATOSPHERE  HAS  BEEN  CALCULATED.  ° 

SYSTEMElSFDISCUSSE6H*iQUE  AS  A METEOROL°G I C AL  SOUND I NG 

21?iZiOp?,GE,RG'  R-S- ^statistical  rainstorm  models!  their 
ImIc?,mIcPaLm  Al^SnPyYS  I CAL  FOUNDAT  I ONS*NO  #*IEEE  TRANS 
T^TTnMAUAcADCrnS£P;  ' 1966*NQ  PR  EC  I P I - 


DLOULU  I 

I'  NEW.;  CARRUTHERS.  G.P.  AND 
S OF  THE  SUB  MM  STRATOSPHRIC 
lALLOON  PLATF ORM*NO  #*1NFRaREI 


isiip-"‘s-1§lp  i^e!Ag£ijciB°!Ss  ‘af  caiSsgyx  slfifciif  csif  gug . 


FREQUENCIES  f.ruw.cu  run  riiunuwMvr  i unpiiiMirsi  mr 

SYSTEM  PERFORMANCE  IS  STRONGLY  INFLUENCED  BY  THE  QUANT  TY 
AND  CHARACTER  OF  PRECIPITATION  THAT  OCCURS  OVER  THE  LINKS 
OF  THE  SYSTEM.  RAIN  APPEARS  TO  BE  THE  PRECIPITATION  FORM 
THAT  ACCOUNTS  FOR  MOST  OF  THE  SER I OUS  ATTENUAT I ON  OCCUR- 
RENCES. IT  IS  ALSO  FOR  RAIN  THAT  THE  SCATTERING  THEORY 
MOST  COMPLETE.  RAIN  ATTENUATION  CAN  BE  A CCUR  A TEL  ?R  PRE  - 
DICTED  IF  THE  DROP  SIZE  DISTRIBUTION  ALONG  THE  PROPADA  t jam 

PATH  is  known,  these  data  have  been  used  to  formula^1 

STATISTICAL  RAINCELL  MODFLS  THAT  PERMIT  PREDICTION  OF 

ThI  ^TaKe,!?  ?ny§tems' 

■.J^MeSs0?  aR5  ?Fg?gggs.  a9jr-fa5bNcES-'“ 

8^^?t8lD(5T*8?  . 
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MENTS*NO  #*AnV.  MO 


- DV  , MOl  . . ..  - 

io7s“'N0  #*optical  constants  measured  by 

TOTAL  REFLECTION  (aTR)  TECHNIQUE  FOR  MF! 
ABSORPTION  of  A WIDE  VARIETY  OF  liquids 


RELAXATION  PROCESSES.  VOL.  7.  113-120* 

’ THE  ATTENUATED 
|D  IUM  INTENSITY 

_ . : WERE  USED  TO  TEST 

THE  APPLICABILITY  OF  THE  VAN  VLEcK -WERSSKOPF BOND  SHAPE 
MODEL.  THIS  MODEL  YIELDS  TWO  PARAMETER  CHARACTERISTICS 
OF  A PARTICULAR  BOND,  THE  INTEGRATED  BAND  INTENSITY 

■ ■“  ' AND  a damping 

)R  Rl  - - 


CORRECTED  FOR  THE  BULK  DIELECTRIC  effect ' 
CONSTANT,  RELATED  TO  THE  MEAN  COLLISION  Of 


iELAXAT  ion 


B12^8^D°GIESE.  K,*ON  THE  NUMERICAL  EVALUATION  OF  THE  D IE  - 
ELECTRIC  RELAXATION  TIME  DISTRIBUTION  FUNCTION  FROM  PER- 
MITTIVITY QATA*NO  #*ADVAN.  MOL.  RELAXATION  PROCESSES,  5. 
363-373*19/3*N0  #*IN  THE  LINEAR  RESPONSE  THEORY,  A DES- 
CRIPTION OF  THE  MACROSCOPIC  DIELECTRIC  PROPERTIES  OF 
MATERIALS  'IS  PROVIDED  BY  SOME  CHARACTERISTICS  FUNCTIONS, 
EACH  OF  WHICH  COMPLETELY  DETERMINES  THE  BEHAVIOR  OF  THE 
MATERIAL.  DEPENDING  ON  THE  KIND  OF  EXPERIMENT*  PERFORMED 
EITHER  IN  THE  FRFQUENCY  OR  Time  DOMAIN,  THE  MEASUREMENTS 
ARE  DISCUSSED  IN  TERMS  OF  THE  COMPLEX  PERMITTIVITY  OF  IN 

terms  of  the  pulse  or  step  Response  position,  dis- 
cussion IS  MADE  OF  EMISSION  CALCULATIONS  OF  E(W)  from^ 
FOURIER  TRANSFORM  SPECTROMETERS  USING  THE  FFT.  22  REFS.** 
Bl25S6C*DEV,  S • B • 1 NORTH,  A . M . ; ANn  PETHRlcK,  R . A . * CQMPU T A - 

tional  techniques  in  the  analysis  of  dielectric  relaxation 
MEASUREMENTS*NO  #* ADVANCED  MOL-  RELAXATION  PROCESSES,  4, 
259-191*l972*N0  #*IN  THIS  ARTlCLF-  A NUMBER  OF  COMPUTA- 
TIONAL TECHNIQUES  CURRENTLY  USED  IN  THE  ANALYSIS  AND  „ 
INTERPRETATION  OF  DIELECTRIC  DATA  ARE  DISCUSSED.  PARTI- 
CULAR ATTENTION  IS  PAID  TO  NEW  OR  UNFAMILIAR  PROCEDURES. 
THESE  TECHNIQUES,  ALTHOUGH  THEY  ARE  CONSIDERED  SPECIFI- 
CALLY IN  TERMS  OF  DIELECTRIC  MEASUREMENTS.  MAY  EQUALLY 
WELL  BE  APPLIED  TO  ANALOGOUS  STUDIES  OF  THE  MACROSCOPIC 

response  of  a system  to  a perturbing  field,  (average-. 01-90 

GHZ)  . 81  REFS  .** 

521181A*GI MMESTAD,  G.G.!  WARE,  R.H.;  BOHLANDS,  R.A.  AND 
GEBBIE,  H . A . *OBSER  VA  T I ON  OF  ANOMALOUS  SUB  MM  ATMOSPHERIC 

§?!£i!S:B8v#iS?T?859I8icit*fflli8MfeAiEA5?EitRl(0^  Grange 

7-25  CM - 1 HAVE  BEEN  OBSERVED  AT  MT.  EVANS.  COLO.  LARGE 
DISCREPANCIES  ARE  FOUND  BETWEFN  THE  OBSERVATION  AND 
A MODEL  BASED  ON  KNOWN  ATMOSPHERIC  CONSTITUENTS.  TO 
ACCOUNT  FOR  THIS,  THE  EXISTENCE  IN  THE  ATMOSPHERE  OF  VAPOR 
PHASE  COMPLEXESOF  WATER  MOLECULES  ASSOCIATED  WITH  CERTAIN 
WEATHER  PHENOMENA  IS  POSTULATED.**  T1  , ,..^Tr-n 

ON  MICROWAVE  THEORY  AND  TECHNIQUE,  VOL . MTT-22 » _NO . 12 


WQ-PART  ARTICLE:  THE 
TERNS  OF  A P| 


1103-ll07*DEn  1 9 7 4 *NO  #*THIS  IS  A TWO 

FIRST  PART  DISCUSSES  THE  "ANTENNA  PATTERNS  OF  A PHASED 
ARRAY  OF  SUBMM  DEVICES,  USING  THE  FOURIER  TRANSFORM  OF 
THE  APERTURE  PATTERN.  THE  SECOND  PART  GIVES,  IN  3 TABLES. 
"WINDOWS  IN  THE  SURMM  AND  MM  ATMOSPHERIC  ABSORPTION 
SPECTRUM,  AND  ATTENUATIONS  DUE  TO  CLOUDS.  SOME  APPLICA- 
TIONS OF  THE  MM  WAVEBAND  ARE  DISCUSSED.** 
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622181  I*LIE8E.  H.J.  AND  WELCH,  W . M . * MO L EOUL A R ATTENUATION  AND 
PHASE  DISPERSION  BETWEEN  AO  AND  140  GHZ  FOP  PATH  MODELS 
FROM  DIFFERENT  ALT1TUDES*N0  #*OFFICE  OF  TELECOMMUNICATIONS, 
N-B.S.  OT  REPORT  73-lO*MAY  1973*N0  #*RADI0  WAVE  PROPAGATION 
IN  THE  4 0 - 14  0 GHZ  BA Nn  THROUGH  THE  FIRST  1 00  KM  OF  THE 
ATMOSPHF-RE  I STRONGLY  INFLUENCED  BY  THE  MICROWAVE  SPECTRUM 
OF  OXYGEN  (02-MS).  A UNIFIED  TREATMENT  OF  MOLECULAR 
ATTENUATION  AND  PHASE  DISPERSION  IS  FORMULATED.  RESULT 
OF  MOLECULAR  PHYSICS  ARE  TRANSLATED  INTO  FREQUENCY. 
TFMPERATURE,  PRESSURE,  AND  MAGNETIC  FIELD  DEPENDENCIES  OF  A 
COMPl.F-X  REFRACIVE  INDEX.  THE  INFLUENCE  OF  WATER  VAPOR  IS 
ALSO  MSCUSSED.  ATTENUATION  AND  DISPERSION  RATES  FOR  PATH 
MODELS  ARE  EVALUATED  BY  COMPUTER  ROUTINES.  EXAMPLES  OF 
rOMPUTER  PLOTS  ARE  GIVEN  AS  A FUNCTION  OF  ALT  I TUnE  FOR 
HOMOGENEOUS,  ZENITH,  ANn  TANGENTIAL  PATH  GEOMETRIES. 
MOLECULAR  RESOURCES  OF  MINOR  ATMOSPHERIC  GASES  ARE  DIS- 
CUSSED BRIEFLY  AS  IN  THE  NOISE  WHICH  ORIGINATES  FROM  THE 
0 2 - M S . * * 

B1 2583K*RUDASHEVSKY,  E.G.;  PROKHOROV-  A.S.;  AND  VELIKOV,  L.V* 
SUBMILLIMETER  SPECTROSCOPY  OF  WEAK  AN T I FE RR OM AGNE TO  IN 
MAGNETIC  FIELDS  UP  TO  30  0 KOE«NO  #*IEEE  TRANSACTIONS 
ON  MICROWAVE  THEORY  AND  TECHNIQUES,  VOL.  MIT-22,  NO.  12, 
1064-1 0 69  *DE  C 1974*N0  #*THE  DYNAMIC  PROPERTIES  OF 
ANT IFERROMAGNETS  WITH  P7 Y ALOSH I NK Y INTERACTION  WERE 


INVESTIGATED  AT  WAVELENGTH  0.3-14  MM,  IN  MAGNETIC  FIELDS 
UP  TO  300  KOE  AND  AT  TEMPERATURE  4.2-400  DEG  K.  THE 
PROBLFM  OF  IMPURITIES,  F I ELD- 1 NDUCED  PHASE  TRANSITIONS, 
TYPES  OF  SPIN  OSCILLATION  FOR  DIFFERENT  TYPES  OF  ANTI- 
FERROMAGNET  WITH  nZYALOSH INKLY  INTERACTION  ARE  DISCUSSED. 
BASED  ON  THE  INVESTIGATION  RESULTS,  A NEW  APPROACH  TO 
THE  PHYSICS  OF  MAGNETIC  PHENOMENON,  USING  THE 
COMPLETE  RATIONAL  BASIS  OF  MOMENT  AND  AVOIDING 
POTENTIAL  SERIES  EXPANSION-  HAS  BEEN  DEVELOPED.  COM- 
PARISONS OF  AFMP  EXPERIMENT  AND  THEORY  FOR  ALPHA  - FE203 
(BLACK  IRON  OXIDE-ALPHA  HEMATITE),  NI,  F2 , FEB03.  DOPER/ 
FEB03Q (WITH  GA  + 3 ) , ARE  GIVEN,  AND  CORRELATION  IS 
EXCELLENT. ** 

133182L*KUKIN>  L.M.:  NOZDRIN-  YU.N.;  RYADOV,  V.YA; 

FEDOSEYEV,  L - I - 5 AND  FURASHOV,  N,  I . ^DETERMINATION  OF  THE 
CONTRIBUTION  OF  WATER  VAPOR  MONOMERS  AND  DIMERS  TO 
ATMOSPHERIC  ABSORPTION  FROM  MEASUREMENT  DATA  IN  THE 
LAMBDA  = 1,15-1.85  MM  BAND  ® N 0 #*R A D I 0 ENGINEERING  AND 
ElECTRONIC  PHYSICS.  VOL.  20,  NO.  10.  7-13*0CT  1975* 

NO  # * T H E COMPONENT  OF  THE  WATER  VAPOR  ABSORPTION  COEFFI- 
CIENT THAT  ARE  linearly  and  quadratically  dependent  ON 

THE  ABSOLUTE  HUMIDITY  OF  THE  AIR  ARE  DETERMINED  FROM 
MEASUREMENTS  OF  THE  DEPENDENCE  OF  RECEIVED  RADIATION  ON 
THE  LATTER.  THE  LINEAR  COMPONENT  TOGETHER  WITH  A CERTAIN 
PORTION  OF  THE  QUADRATIC  ARE  TAKEN  INTO  CONSIDERATION  THE 
SELF  BROADENING  OF  THE  LINES  OF  THE  H20  MONOMERS  IS 
IDENTIFIED  WITH  THE  ABSORPTION  COEFFICIENT  OF  THE 
MONOMERS:  THE  REST  OF  THE  QUADRATIC  COMPONENT  IS  IDENTI- 
FIED WITH  THE  ABSORPTION  COEFFICIENT  OF  THE  DIMENS. 

THIS  PAPER  CONTAINS  The  RESULTS  OF  TWO  INDEPENDENT 
EXPERIMENTS,  PRESENTED  AT  THE  RUSSIAN  (ALL-UNION) 


* 
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?KY,M?2lIy5u^oZ^r-P?OPAGATI°N  0F  SUB  MM  AND  MM  WAVES 

R?!^l7ErnIK9SPtff,RirJ,N  l9?4,-,  THERE  ARE  41  REFERENCES.  ** 
52jl817?.vG0RDY»  WALTER;  SMITH*  W M . V,;  ANn  TRAMBANL.fi,  R A [ P H F 

MI  ROWaVE  SPEQTROSCOPY-NO  #*JOHN  W l LEY*l953 »NO  #*TH I S is' 
an  earl Y TEXTBOOK  QN  MICROWAVE  SPECTROSCOPY;  a LOT  or  THF 
RESONANCE  and  ABSORPTION  LINES  (In  the  30-300  GHZ)  of  e 
BARE  ATMOSPHERE  CONSTITUENTS  WERE  DISCOVERED  BYUSR  OF 

Sl^SiS^!8  DESCRIBED  IN  THE  BOOK.  IT  IS  A STANDARD 
Kt r tRENLfc . 

521781C»WACKER,  PAUL  F.  ; CORD-  MARIAN  S.,  FT  AL  *SPECTR  Ai 
Trn!r.EK.n  V°L.  JM.  POLYATOMIC  MOLECULES  WITH  I NTERNaFroV A- 
tu?c*^c  MONOGRAPH  70,  VOL.  III*JUNE  l969*N0  # # 

THIS  IS  A PART  OF  THE  5-VOLUmE  NBS  MONOGRAPH  SERIES  ON 
KI  2t  ?yAn^r-G?E?TRAL  TABLES.  THESE  ARE  OF  VALUE  FOR  DETER- 
MINING CHEMICAL  CONSTITUENCY  OF  A SPECIFIC  MOLECULAR 

TME9icSCDc  t29K  n!  9IL  VAPORS,  COMBUSTION  PRODUCTS  -- 
IN  THE  SPECTRAL  REGION  FOR  5 GHZ  TO  PAST  5o  GHZ.  OTHER 

onf'ce^r  JN  TW.S  NBS  TABLES  SERIES  ARE:  I.  DISTANCE  MOlE- 
£2iL§5Fn,U  a LINE  STRENGTHS  OF  ASYMMETRIC  ROTATIONS;  I V. 

?cr9ur  LEC UlEs  WITHOUT  INTERNAL  ROTATION;  V.  SPECTRAL 
L 1 Nb  L I oT I Nb . 

53176l8*CARL  I , B.;  MARTIN,  D • H , •:  PUPLET,  E.F.;  AND  HARRIES, 

bDuESyrRcMTlcrnMEP2LUTI0N  £°R  I * R • MEASUREMFNTSOF  ATMO- 
SPHERIC EMISSION  FROM  AIRcRAFT*NO  #*J.  OPT.  SOC . AM  , 

VOL.  67,  NO.  7,  917-92l#JULY  1977»NO  #*AN  ABSOLUTE  SPEcTRO- 
MfTRJC  RADlOMEfER  HAS  BEEN  FLOWN  ON  A NASA-CV940  C R° 

AIRCRAFT  TO  MEASURE  ATMOSPHERIC  EMISSION  IN  THE  SPECTRAL 
RANGE  5-40  CM-1  WITH  A RESOLUTION  OF  0.02  CM-1  APODIZED* 
e IN§I5UMENT  and  the  RESULTS  ARE  DESCRIBED.** 

54MnAiC^YAM0N0LA . MASANOBA*OPT IcALLY  PUMPED  WAVEGUIDE  LASERS* 
NO  #*«A-r9PT*  SOC.  AM.,  VOL.  67,  NO.  7,  95?-958*JULY  1977* 

NO  #*OPT I cALLY  PUMPED  WAVEGUInE  GAS  LASERS  IN  THE  SUB  MM 
dda  tKpai  Pn5lii0NS  ARE  SIMPLE,  COMPACT,  RUGGED*  EFFICIENT, 
COHERENT  SOURCES.  A NUMBER  OF  NEW  LASER  I INES 
HAVE  BEEN  OBSERVED  IN  THESE  LASERS.  GENERAL  CONSIDERATIONS 
ARE  GIVEN  ON  THE  ATTENUATING  CONSTANTS  OF  THE  WAVEGUIDES 
ANn  THE  RATE  EQUATION  MODELS.  CHARACTERISTICS  OF  THESE 
LASERS  ARE  REVIEWED  INCLUDING  OUTPUT  COUPLING  — " ■ — 


NEW  LASER 


LINE;  MOnE,  POLARIZATION,  OUTPUT  POWER,  STABILITY  ANd' 
wOMPApTJON.  SOME  APPLICATIONS  ARE  DESCRIBED  BRIEFLY. 

finally,  future  aspects  are  discussed-** 

95il8nM*?£AN  ’ R • L > AND  PERK0WIT7,  S.*SUB  mm  far  ir  SPECTRO- 
SCOPY I£E  LIQUID  AND  SOLID  state  with  a tunable  opti- 
cally PUMPED  LASER* NO  #*J.  OPT.  SOC.  AM.,  VOL.  67,  NO.  7, 
2n:^14^UlrY  1 R 7 7 * NO  # *THE  DESIGN  ANn  SPEC  TROScOP  I c appli- 
cation OF  A submillimeter-far-infrarEd  < F I R ) optically 

£PK££DrI^NABLE  LASER  ARE  DESCRIBED.  DRIVEN  BY  15-25  W OF 
POWER  FROM  A CW  C02  LASER,  THE  FIR  SYSTEM  GAVE  MILLIWATTS 
OF  POWER  BETWEEN  96  AND  1217  IJM.  THE  PUMPED  MEDIA  WERE 

methyl  alcohol  (chsoh)  and  i, i-difluoroethyl ene  (ch?cf 2) 

THE  LASER  SPECTROMETER  WAS  USED  TO  MFASURE  T§E  TranSMISS  ON 
OF  LIQUID  H20,  THE  BULK  SEMICONDUCTOR  G A AS . THE  EPITAXIAL 
SEMICONDUCTOR  INAS,  AND  THE  HIGH-TEMPERATURE  SUPERCONDUCTOR 
V3SI.  IN  GENERAL,  THE  LASER  SYSTEM  GAVE  VASTLY  IMPROVED 
SIGNAL-TO-NOISE  RATIOS,  REDUCED  STRAY  LIGHT  PROBLEMS,  AND 
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INCREASED  PENETRATION  POWER  RELATIVE  TO  MORE  CONVENTIONAL 
FIR  SPECTROMETERS.  THE  LASER  RESULTS  AGREED  EXTREMELY 
WELL  WITH  RESULTS  FROM  CONVENTIONAL  SPECTROMETERS  EXCEPT 
WHERE  JHe  NARROWNESS  OF  THE  LASER  LINE  PROrUcEn  INTER- 
FERE NrE  EFFEC TS . THIS  SYSTEM  SHOULD  BE  A USEFUL  TOOL  IN 
THE  MEASUREMENT  OF  THE  OPTICAL  CONSTANT  OF  DUST  AND  SOUpS 
THAT  MAKE  UP  AEROSOLS . »« 

52  218  t9>"  RAO » K.  NARAKARI,  ED  I T OR  *MOLE  CIJL  AR  SPECTROSCOPY; 
MODERN  RESEARCH,  VOL.  2*NO  #*ACaDFMIC  PRESS,  N.Y.*1976* 

NO  # tT  H I S VOLUME  GiVfS  INSIGhT  INTO  THE  RESEARCH  IN 
SEVERAL-  AREAS  OF  THE  SPFCTROSrOPY  OF  GASES.  THE  TOPlpS 
covered, are_least  squares  fitting  of  SPECTROSCOPIC  DA 


proouc  . . . .. 

551761B*GR0M0V , V.D.;  SHOL OM I T SK I Y , G.B.J  SOGLOSNQVA.  V.A.; 

AND  ARTAMONOV,  V.V.*AN  AIRBORNE  SUB  MM  RADIOMETER  WITH 
REMOVABLE  SPErTRAL  FILTERS  FOR  THE  STUDY  OF  A TMOSPHER I C 
EMISSIONS  IN  THE  50-1000  UM  REgION*NO  #*ACADFMY  OF  SCIENCES 
USSR.  INSTITUTE  OF  SPACE  RESEARCH,  MOSCOW  REPORT  PR-250, 
NASW-279l« JUNE  1 9 7 6* N7 6- 24 528* A DESCRIPTION  IS  GIVEN  OF 
THE  FLIGHT  TEST  OF  A RADIOMETER  WITH  REMOVABLE  SPECTRAL 
FILTERS.  THIS  RADIOMETER  MAdE  IT  POSSIBLE  TO  OBTAIN  THE 
SPECTRAL  AND  ANGULAR  DISTRIBUTION  OF  THE  ATMOSPHERE  RADIA- 
TION TEMPERATURE.  THE  EQUIPMENT  IS  ILLUSTRATED  IN  FIGURES 
AND  DISCUSSED  IN  DETAIL.** 

512611H*EICHLER , M .» A TMOSPHER I C EFFECTS  ON  ELECTROMAGNETIC 
WAVE  PROPAGATION  IN  MM,  CM,  AND  DM  WAVELENGTHS,  PART  I.  RAY 
DEFLECT  I ON*NO  A * NO  #*JIJNE  1974 *N 76-22433* MODELS  ARE  PRE- 
SENTED FOR  THE  REFRACTIVE  INDEX  WHICH  RESULTS  AS  A FUNCTION 
OF  HEIGHT  OF  BAROMETRIC  PRESSURE,  TEMPERATURE,  AND  HUMIDITY 
FOR  THE  TROPOSPHERE  AND  THE  IONIZATION  FOR  THE  IONOSPHERE. 
FURTHERMORE,  A SURVEY  IS  GIVEN  ON  THE  DIFFERENT  WAYS  TO 
ACQUIRE  PROPAGATION  ERRORS-  WHEREBY  NOT  ONLY  EXACT  SOLU- 
TIONS ARE  CONSIDERED,  BUT  ALSO  APPROXIMATE  RESULTS.  BOTH 
WERE  OBTAINED  WITH  L I T T ! E CALCULATION  EFFORT.  BY  WAY  OF 
AN  ITERATIVE  DETERMINATION  OF  THE  TARGET  HEIGHT,  IT  IS 
POSSIBLE  TO  ASCERTAIN  ANGLE  AND  RANGE  ERRORS  FROM  RADAR 
DATA  (DISTANCE,  ELEVATION,  ANGLE).  WITH  EXAMPLES  FOR  THF 
CRPL-EXPONENTI AL  ATMOSPHERE,  THE  INFLUENCE  OF  THE  REFRACTIVE 
INDEX.  REFRACTIVE  INDEX  GRADIENT,  AND  FLEVAT I ON  ANGLE 
ON  THE  REFRACTIVE  ANGLE.  ANGLE  ANn  RANGE  FRRORS  A Rc  IN- 
VESTIGATED.** 

512612C  * MEYERS,  R . i:  ATMOSPHERIC  EFFECTS  ON 

ELECTROMAGNETIC  WAVE  PROPAGATION  IN  MM,  CM,  AND  DM  WAVE- 
LENGTHS, PART  2.  (IN  GERMAN)*NO  #»NO  #*JUNE  1 97 4 *N 7 6 -22 43 4 * 
THIS  PAPER  DEALS  WITH  THF  WAVE  PROPAGATION  IN  THE  REAL 
ATMOSPHERE,  PARTICULARLY  THE  ATTENUATION  CAUSED  BY  ABSORP- 
TION ANT  DISPERSION  OF  E & M RADIATION.  THEREBY,  THE 
INFLUENCE  OF  GASES  IS  INVESTIGATED  (WATER  VAPOR  & 02), 
PRECIPITATION  (RAIN,  SNOW,  HAIL),  CLOUDS  AND  FOG.  BEYOND 
THIS,  DIAGRAMS  AND  CALCULATION  METHODS  ARE  CITED,  WITH 
THE  AID  OF  WHICH,  THE  PROPAGATION  PA^HS  OF  WAVES  IN  A 
DIAGONAL  DIRECTION,  AS  A FUNCTION  OF  HEIGHT  CAN  BE  CAL  - 
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e CULATED.  57  REFS.** 

5lll7g  « I P P 0 L I T Q » L.J. "TWENTY  AND  THIRTY  GHZ  MILLIMETFR 
WAVE  EXPERIMENTS  WITH  A T S 6 S A TELL  I TE«N A S A TN  D-8l97*N0  #« 
APRIL.  l976{tN76-224R4^THE  APPLICATIONS  TECHNOLOGY  SATELLITF- 
6 ( A TS -6 ) MM  WAVE  EXPERIMENT  DEVELOPED  ANn  IMPLEMENTED  BY 
THE  NaSa  GODDaRD  SPACE  FLIGHT  center  ( GSF C ) PROVIDES  THE 
FIRST  DIRECT  MEASUREMENTS  OF  ?n  AND  30  GhZ  EaRTH-SpACE 
LINKS  FROM  AN  ORBITING  SATELLITE.  STUDIES  AT  11  LOCTIONS 
in  the  continental  u.s.  were  directed  at  am  evaluation  of 

RAIN  ATTENUATION  EFFECTS,  SCINTILLATIONS,  DEPOLARIZATIONS, 
SITE  DIVERSITY,  COHERENCE  BANDWIDTH-  AND  ANALOG  AND  DIGITAL 
COMMUNICATIONS  TECHNIQUES.  IN  ADDITION  TO  DIRECT 
MEASUREMENTS  WITH  RADARS,  RAIN  GAUGES-  AND  RADIOMETERS 
WERE  DEVELOPED  AND  COMPARED  WITH  THE  DIRECTLY  MEASURED 
ATTENUATION.  THIS  REPORT  CONTAINS  THE  FIRST  COMPREHENSIVE 
PUBLICATION  OF  INITIAL  DATA  RFSULTS  OF  THE  ATS’6  MM  WAVE 
EXPERIMENT  FROM  THE  MAJOR  PERL  I COMPU T I NG  ORGANIZATIONS  . 
132181A*ZRAZHEVSKIY,  A. YU, "METHOD  OF  CALCULATING  THE  4TM0- 

R I C WATER  VAPOR  ABSORPTION  OF  MILLIMETER  AND  SUBMlLLI- 


S P Ljt  n M i u. 

METER  WavES^N 
VOL.  21.  NO. 


# "R  An  I 0 ENGINEERING  AND  ELECTRONIC  PHYSICS. 
31-36»MAy  1 9 76  * NO  #*A  METHOD  OF  SEMl-EMPlRI- 


CALLY  CALCULATING  THE  SPECTRAL  REGION.  74  CM-1  TO  1.2  CM-1 


THE  SMALL  EFFECT  OF 
IN  THE  COMPARISON 
)B/KM  VS  WAVE  NUMBER, 

:losely  with  experi- 


(1.35  CM  TO  .083  CM)  IS  PRESENTED. 

THE  DJMERS  OF  WATFR  IS  NOT  INCLUDED 
OF  THE  ABSORPTION  OF  WATER  VAPOR  IN 
THE  EMPIRICAL  FORMULA  AGREES  RATHER 
MENT . ** 

B11411N*WANG,  R.T.  AND  GREENBERG,  J.M.* SCATTERING  BY 

SPHERES  WITH  NONISOTROPIC  REFRACTIVE  INDICES*N0  #*APPLIED 
OPTICS'  VOL.  15,  NO.  5,  I2t2-1?17*MAY  1976*N0  #*THIS 
ARTICLE  COVERS  X-BAND  SCATTERING  OFF  OF  TWO  SETS  OF 
ARTIFICIAL  ANISOTROPIC  DIELECTRIC  SPHERES  MADE  OF  LAYERS 
OF  CARBON  PAPER,  ROYAL  GRAY  PAPER  AND  PARAFFIN  BONDED 
TOGETHER  BY  THE  APPLICATION  OF  HEAT  AND  PRESSURE.  ANISO- 
TROPIC MEDIA  OF  THE  SECOND  GROUP  WERE  PREPARED  FROM  ALTER- 
NATE LAYERS  OF  EXPANDED  POLYSTYRENE  AND  A CONDUCTING  PAPER 
CALLED  TELEDELTO.  THREE  TARGETS  IN  THE  SIZE  RANGE  2,58 
LE  X = KN  LE  5.68,  A = RADIUS  WER  CONSTRUCTED  FOR  EACH 
TYPE  OF  ANISOTROPY.  THE  PRINCIPLE  REFRACTIVE  INDICES  MK, 

ME,  AND  MH  FOR  THE  SYMMETRY  AX  IS  PARALLEL  TO  KO,  EO,  AND 
HO  OF  THE  INCIDENT  WAVE  RESPECTIVELY,  WERE  MEASURED  FOR  EACH 
GROUP.  RESULTS  SHOW  THAT  MIE  THEORY  PREDICTION  USING  AN 
EFFECTIVE  REFRACTIVE  INDEX  AT  EACH  FORGED  ORIENTATION  IS 
A GOOD  APPROXIMATION  FOR  ANISOTROPIC  SPHERES  IN  THF  FOR- 
WARD SCATTERING  STUDIES.  WHEN  THE  SYMMETRY  AX  IS  PARALLEL 
TO  THE  POLARIZATION,  FOR  WHICH  CASF  THE  MOST  PRECISE  RE- 
FRACTIVE INDEX  DETERMINATION  IS  POSSIBLE,  THE  AGREEMENT 
IS  EXCELLENT.  THE  AGREEMENT  DEGRADES  PROGRESSIVELY  AS 
ONE  GOES  TOWARD  OTHER  PRINCIPLE  D IRECT  IONS . #* 

5421210-nTRAUB  , WESLEY  A.  AND  STIER.  MARK  T . *THEORET  I CAL 
ATMOSPHERIC  TRANSMISSION  IN  THE  MID  AND  FAR  INFRARED 
AT  FOUR  ALTITUDES*NO  #"APPLIED  OPTICS,  VOL.  15-  NO.  2, 
364-377 "FEB  1976*N0  #*THE  IR  TRANSMISSION  OF  THE  TERRES- 
TRIAL ATMOSPHERE  IS  CALCULATED  AT  FOUR  ALTITUDES  OF 
INTEREST,  4.2  KM  (2-1000  UM ) , 14  KM  (5-1000  UM),  28  AND 
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41  KM  (10-1000  UM).  BOTH  HIGH  RESOLUTION  SPECTRA  (.05  CM-1) 
AND  BROADBAND  AVERAGES  ARE  SHOWN,  THE  MODEL  ATMOSPHERE 
USED  IS  A SINGLE  LAYER  CARTER  GODSON  APPROXIMATION  WITH 
THE  rOLUMN  ABUNDANCES  GIVEN  ACrORDI NG  TO  ALTITUDE.  THE 
ABSORPTION  LINE  PROFILE  IS  A CONVOLUTION  OF  A LQRFNTZI AN 
AND  A GAUSSIAN.  THERE  ARE  23  REFERENCES  To  SOURCE 
ARTICLES  IN  ATMOSPHERIC  LIGHT  TRANSMISSION.#* 
11116LT*L0NG80THEM,  RICHARD  L.*A  FEASIBILITY  STUDY  OF  A 

MICROWAVE  WATER  VAPOR  MEASUREMENT  FROM  A SPACE  PROBE  ALONG 
AN  OcCULTATION  PATH*NO  # *PEN NS YL V A N I A STATE  UN  I VERS  I TY  a 
APRIE  1975*N75'29603*THI S IS  AN  EXPERIMENTAL  ANn  THEORETICAL 
STUDY  ON  THE  FEASIBILITY  OF  USING  A MM  WaVE  RADIOMETER  To 
MEASURE  THE  WATER  VAPOR  CONTENT  ALONG  ITS  LINE  OF  SIGHT 
PATH,  AT  22  (22-235)  GHZ  AND  J83 ( i 83 . 3l > GHZ.  THE  RE- 
’ ' ~r'0SS  'SECT  TONS  ARE  PRE 
ISPHERIC  WATER  VAPOR 


SON a^T  H20  CRi 
MODEL  THE  ATMi  _ . ... 

T I V I T Y IS  COMPARED  WITH  CALCULATED  OPTICAL  DEPTHS  TO 
DETERMINE  THE  HEIGHT  TO  WHICH  A R A D I OMET ER . C t 


WATER  VAPOR,  USING  THF  THRE 
PASSIVE  EMISSION,  AND  ACT  IV 


.:  AN  MEASURE 

METHODS  --  PASSIVE  ABSORPTION 
ABSORPTION.  CONCLUSION; 

MEASUREMENTS  WITH  THE  22'GHZ  LINE  ARE  LIMITED  TO  50  KM 
THICKNESS:  USE  OF  THF  183  GHZ  LINE  WILL  ENABLE  MEASURE- 
MENTS UPTO  AND  ABOVE  100  KM  FOR  WATER  VAPOR  MIXING  RATIOS 
AS  LOW  AS  0.1  PPM  UNDER  OPTIMUM  CONDITIONS.  THIS  ARTICLE 
CONTAINS  AN  EXCELLENT  DISCUSSION  ON  MICROWAVE  RADIOMETERS.*# 
23l5419*AFSAR . M.N.  AND  HARTED,  J . B . ^MEASUREMENTS  OF  THE 
OPTICAL  CONSTANTS  OF  LIQUID  H20  AND  D20  BETWEEN  6 AND 
450  CM-t#NO  #*J.  OPT.  SOC.  AM.,  VOL  • 67,  NO.  7 , 902-904* 

JULY  i 977*no  #*VARI01IS  ADVANCES  IN  TECHNIQUES  HAVE  ENABLED 
new  measurements  to  be  made  over  a greatly  extended  fre- 
quency range  (6  LT  V LT  450  CM-1)  OF  THE  OPTICAL  CONSTANTS 
N(V)  AND  ALPHA  (V)  OF  LIQUID  WATER  AND  LIQUID  P*0  OF 
19  DEG  C.  the  ORIGIN  of  the  polarization  IN  this  region 


IS  DISCUSSED.*# 
531131B* GOLDSMITH, 


PAUL  F 


PLAMBFCK'  RICHARD  L.J  AND  CHlAD, 
RAYMOND  l7#MEASUREMENT  OF  ATMOSPHERIC  ATTENUATION  AT 
1.3  AND  0.87  MM  WITH  AN  HARMONIC  MIXING  RAD  I OMETER*NO  #* 
IEEE  MT-22,  NO.  2,  1 1 1 5- 1 1 16 *DEC  1:974«N0  ##THE  ATMOSPHERIC 
ATTENUATION  AT  1-3 
MAMILTON,  CALIF.  DURING 


AND  0.87  MM  WAS  MEASURED  ABOVE  M + 
RING  THF  PFRIOD  DEC  5 TO  DEC  9,  1973. 


THE  MEASURED  VALUE  OF  THE  ZENITH  ATTENUATION  VARIED  FROM 
1 TO  5 DB  AT  1.3  MM  OVER  THIS  5* D A Y PERIOD  AND  WAS  2.5  OB 
AT  0.87  MM  ON  DEC  9,  1973.  THE  TOTAL  8EAMWJ0TH  OF  THE 
120"  LINK  OBSERVATORY  TELESCOPE  USED  IN  THE  CONDI  CON- 
FIGURATION WAS  MEASURED  TO  BE  3'  AT  13  MM.** 

813761B*K0NG,  J.A.,  ED  I TOR *THEOR Y OF  PASSIVE  REMOTE  SENSING 
WITH  MICROWAVES,  FINAL  REPORT#CONTRACT  NO.  953524#N0  #* 
JULY  1975«N76-18629#THIS  IS  A COLLECTION  6f  PAPERS  ON 
REMOTE  SENSING  OF  THE  EARTH  BY  MICROWAVES  IN  THE  FRE- 
QUENCY RANGE  1.4-37  GH7-  KONG  'S  ARTICLE  TREATS  THE 
FOLLOWING  TOPICS:  STRATIFIED  MEDIA  WITH  UNIFORM  TEMPERA- 
TURE DISTRIBUTION.  1/2  SPACE  RANDOM  MEDIA  WITH  NoN- 
UN I FORM  TEMPERATURE  DISTRIBUTION,  2 LAYER  RANDOMMEDIA  WITH 
UNIFORM  TFMPERATURE  DISTRIBUTION  AND  STRATIFIED  MEDIA  WITH 
NON-IJNIFORM  TEMPERATURE  DISTRIBUTION.  REPORTS/THESIS 
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BY  STUDENTS  ARE  IN 
5U173G»H0DGE,  D.B 


appendices  to 
thickold,  o.m 


this  MAIN  REPORT. ** 
AND_TAYLOR.  r.c.»ats- 


MILLIMETER, WAVELENGTH “ PROPAGATION  EXPER I MENT  *ESI_  3863“6* 

7 o i 4 ‘ ^ ~ ~ ~ -----  ■ ’ ‘ ~ 


NO  #*JAN  i973*N76-19?1 1*?hIS 

""  !T 1 1 ‘ 


RS 


STATE  UNIVERSITY  PARTICIPATION  IN  THE^ATS-^MM  WAVE°H 

propagation  experiment,  attenuation  WAS  measured  simul- 
taneously AT  20  AND  30  GHZ  ON  EARTH-SPACE  PROPAGATION 


PATHS  TO  TWO  GROUND  TERMINALS  LOCATED  AT  COLUMBUS, ' OHI 
IN  ADDITION,  20  AND  30  GHZ  RADIOMETRIC  TEMPERATURES 
WERE  MEASURED  ALONG  THE  SAME  PROPAGATION  PATHS?  THE  30  GHZ 
RAglnMETRlC  TEMPERATURE  WAS  ALSO  MEASURED  AT  A 3RD  GROUND 
TERMINAL,  THE  RESULTS  OF  THESE  MEASUREMENTS  ARE  PRESENTED 
AND  DIVERSITY  GIVEN  FOR  THE  FOUR  PATHS  ARE  DISCUSSED.  THE 
SCINTILLATION  CHARACTERISTICS  OF  THE  RECEIVED  SIGNALS  ARE 
ALSO  PRESENTED.  THE  VARIANCE  OF  THE  SCINTILLATIONS  (IN 
CLEAR  AIR)  WERE:  FOUND  TO  BE  PROPORTIONAL  11/6  POWER  OF 
, THE  PATH  LENGTH  THROUGH  THE  ATMOSPHERE . ** 

9335818*SMYTH,  CHARLES  P . *RESE  ARCH  ON  DIELECTRIC  PROPER- 
TIES AND  STRUCTURE  OF  MATTER;  QUARTERLY  STATUS  REPORT* 

NONR-1. 858(09)*NO  #*1965* AD-612  916*THIS  THREE-MONTH  REPORT 
DISCUSSES  MM  WAVE  DIELECTRIC  MEASUREMENTS  AT  2 MM  ON 
TOLNENE  AND  CHLOROBENZENE.  MEASUREMENTS  AT  3 KM  AND  1 CM 
THAT  WERE  TO  BE  DONE  LATER  ARE  DISCUSSED.  RESULTS  OF  THE 
MEASUREMENTS  MAY  BE  FOUND  IN  THE  PUBLISHED  SCIENTIFIC 
„ PAPERS  LISTED  IN  THIS  PROGRESS  REPORT.** 

211471E*B0ST I AN,  C.W.  AND  STUTZMAN.  W.L.*THE  INFLUENCE  OF 
POLARIZATION  ON  MILLIMETER  WAVE  PROPAGATION  THROUGH  RAIN; 
SEMI-ANNUAL  STATUS  REPOR T *NGR-4 7 - 0 0 4 - 0 91  * NO  #*JULY  1972* 
N73-10217*THIS  REPORT  DESCRIBES  A PROGRAM  FOR  THE  MEASURE- 
MENT AND  ANALYSIS  OF  THE  DEPOLARIZATION  AND  DIFFERENTIAL 
ATTENUATION  THAT  OCCUR  WHEN  MM  WAVE  SIGNALS  PROPAGATE  THROUGH 
RAIN.  INITIAL  DATA  WILL  BE  TAKEN  ALONG  A 1.43  MM  PATH  AT 
17.65  GHZ  AND  A SUPPORTING  THEORETICAL  MODEL  WILL  BE 
DEVELOPED  TO  RELATE  THE  PROPAGATION  EFFECTS  TO  RAINFALL 


RATE  AND  WIND  VELOCITY 
INSUING_EXPERIMENTS  IS 


POLARIZATION  CHOSEN  FOR  THE 
0R_~_45  DEG  FROM  THE  VERTICAL 


DEPARTURE  FROM  SPHERICITY  OF  RAINDROPS,  OBLIQUE  SCATTER 
AND  MULTIPLE  SCATTER  ALL  CAUSE  DEPOLARIZATION,  WITH  NON 
SPHERICITY  THE  MOST  IMPORTANT  FACTORS.** 

1121835* MARTIN,  D . H . *SPECTROSCOP I C TECHNIQUES  FOR  FAR  IR, 
SUB  MM  AND  MM  WAVES*NO  #*BOOK-  NORTH  HOLLAND  PUBLISHING 
C0.,1967*QC  457  1427*THIS  BOOK  HAS  A THOROUGH  DISCUSSION 
OF  TECHNIQUE  FOR  MAKING  MEASUREMENTS  IN  THESE  WAVE 
BANDS  IN  SOLIDS.  LIQUIDS,  AND  GASES,  C A 1967.** 
1121825*STEELE,  DEREK*THEORY  OF  VIRRATIONAL  SPECTROSCOPY* 

NO  # * BOOK , W.B.  SAUNDERS  O0.*l971*QC  454  V 5 574*TEXTB00K 
ON  PHYSICS  ON  MOLECULAR  VIBRATORS;  APPLICATION  TO 
MM  AND  MICROWAVE  SPECTROSCOPY.  IT  HAS  A GOOD  DISCUSSION 
ON  SOLVING  THE  SECULAR  EQUATION  FOR  MOLECULAR  DYNAMICS.** 
1131117*KERR,  DONALD  E . . ED  I TOR»PROPAGAT ION  OF  SHORT  RADIO 
WAVES *NO  #*M I T RAD  LAB  SERIES  #13.  MCGRAW  HILL* 

1951 *NO  #*THIS  IS  A PIONEER  PUBLISHING  EFFORT  ON  PROPA- 
GATION OF  SHORT  RADIO  WAVES  DONE  BY  THE  MEMBERS  OF  THE 
PROPAGATION  GROUP  AT  MIT  DURING  WORLD  WAR  II.  THIS  MUST 
BE  CONSIDERED  ONE  OF  THE  SOURCE  BOOKS  FOR  MM  PROPAGA- 
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TION.** 

112181K*AGANBEKYAN,  K.A.;  ZRAZHEVSKlY,  A. YU.:  AND  MOlINHIN, 

v g ^temperature  dependence  of  the  absorption  of  radio 

WAVES  BY  ATMOSPHERIC  WATER  VaPOR  AT  THE  10  CM-0.?7  MM 
WAVELENGTHS^NO  #*RAnIO  ENGINEERING  ANn  ELECTRONIC  PHYSICS, 
?0,  NO.  ll*NOV  1 9 7 5 *NO  # *THE  ABSORPTION  COEFFICIENTS 
!N  THE  .396-13.5  MM  WAVELENGTH  REGION  WATER  VAPOR  ARE 
CALCULATED  FOR  CONSTANT  AIR  PRESSURE  AND  RELATIVE  WATER 
VAPOR  CONCENTRATION  FOR  TEMPERATURES  OF  173-373  DEG  K. 

FROM  THE  RESULTS  OF  THIS  CALCULATION,  THE  TEMPERATURE 
DEPENDENCE  OF  THE  ABSORPTION  IS  OBTAINED  AT  WAVELENGTHS 
IN  THE  CM,  MM  AND  SUB  MM  BANDS,  AND  CAN  BE  REPRESNTED  IN 
THE  FORM  GAMMA  IS  PROPORTIONAL  TO  T-Nl.  THE  TEMPERATURE 
COEFFICIENT  N1  LIES  WITHIN  THE  INTERVAL  FROM  3.2  TO  4 
I N THE  TRANSM I SS TON  WINnOWS,  ANn  DECREASES  TO  1-2  IN  THE 
ABSORPTION  LINES.  THE  CALCULATION  AGRFES  WELL  WITH  EX- 
PERIMENTAL DATA.  THE  PRINCIPAL  INACCURACY  IN  THE  CALCU- 
LATION  IS  DUE  TO  THE  indetermining  of  the  1/2  width  OF  the 
ABSORPTION  LINES,  FOR  RADIATION  IN  the  .398  MM  TO  13,5  MM 
B A N D , * * 

622171A.LIEBE,  HANS  J.»MOLECULAR  TRANSFER  CHARACTERISTICS 
0 F A I R BETWEEN  40  AND  140  GHZ*NO  #*!EEE  TRANS  MICROWAVE 
THEORY  ANn  TEHCNIOUES  MTT-23,  NO.  4,  380-386*APRIL  1975* 

WAvF  PROPAGATION  IN  THE  40-140  GHZ  BAND 
JHRU  THE  FIRST  100  KM  OF  THE  CLEAR  ATMOSPHERE  IS  INFLUENCED 
BY  30  LINES  OF  02  SPECTRUM,  AND  A LASER  EXTENT  By  WATER 

I0N  4ND 

AND^TFMPERATURR^nfPENRENCES^o.^  'NT°  ’ ASSURE 

53  2182B*HARR  IS  , J , E . A TMOSPHER  I C TRANSMISSION  IN  SFVERAL 
SUBM  LLIMETER  WlNl)OWS*NO  #*  I Nr  R ARED  PHYSICS.  VOL.  16,483- 
485*1 976 *NO#*THIS  IS  A PRESENTATION  OF  A CALCULATION 
9F.Z^EoIRANS^I,?Sl0N  IN  SEVERAL  ATMOSPHERIC  WINDOWS  BETWEEN 
5 AND  95  CM- 1 FOR  VARIOUS  OBSERVATIONAL  GEOMETRIES  COVER- 
ING  MANY  CASES  ARISING  IN  PRACTICAL  ASTRONOMICAL  AND  ATMO- 
S P HER  I C EXPER I MENTS . THE  TRANSMITTANCE  AT  A WAVENUMBER 
GAMM ( zl/LAMBDA ) BETWEEN  A HEIGHT  H IN  THE  ATMOSPHFRE  AND 
OUTSIDE  THE  ATMOSPHERE,  IN  A DIRECTION  THFTa  TO  TH^ 

ZENITH,  HAS  BEEN  CALCULATED  AS  A FUNCTION  OF  THE  WATER 
VAPOR  CONTENT  ALONG  THE  LINE  OF  SIGHT.** 

N 1 » 0.  AND  SIMON,  M . *EXT  I mct  I ON  IN  THE  SUR- 
MILLIMETER  A TMOSPHFR I C WINDOWS»NO  #*INFRARED  PHYSICS,  VOL 
rtcK^rnn^n^l76^0  **THE  PROBLEM  0F  THE  EXTINCTION  COEFFl- 
CLEWJ,  F9R^Gg°UNn  RASED  SUB  MM  ASTRONOMY  IS  DISCUSSED.  MODEL 
CALCULATIONS  (FOR  WATFR  VAPOR  ) SHOW  THAT  T HF  EXTINCTION 
MAY  BE,  APPROXIMATEn  PY  THE  FUNCTION  EXP ( -ALPHA  X /SQUARE 
ROOT  ALPHA  X,  WHERE  X IS  THE  LINE  OF  SIGHT  WATER  VAPOR 
COLUMN  DENSITY,  MEASUREMENTS  OF  THE  EFFECTIVE  ABSORPTION 
COEFFICIENTS  IN  THE  ATMOSPHERlr  WINDOW  OF  450  UM7  625  UM, 
P^ESENTEd^*1  MM  REGI0N*  RELATrVF  TO  THAT  AT  350  UM  ARE 

B33561N*RED;KIN,  B.A.;  KLOKKO,  V.V.;  KHOKHL ACHE7E , V.VJ 

AND  BABUSHKIN,  A .G.* THEORETICAL  AND  EXPERIMENTAL  INVESTI- 
GATIONS OF  THE  COMPLEX  DIELECTRIC  CONSTANT  OF  GROUND 
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IN  THE  USW  BAND  (3  CM)*NO  #*RADIO  ENGINEERING  AND  ELEC- 
TRONIC PHYSICS*  VOL.  20,  NO,  1,  lll-l j 2* JAN  1975-NO  #* 
THE  INVESTIGATIONS  CONDUCTED  BY  IJS  INDICATED  THAT  THE 

" ■ " ■“  if  The  ground  experiences  large 

AND  SIGNAL  FREQUENCY- 


COMPLEX  DIELECTRIC  Ol  „ „ 

CHANGES  WITH  HUM  I D I T y , TEMPERATURE  ..  _ . 

THE  RESULTS  HAVE  A SIMPLE  EXPLANATION  IF  THE  GROUND  IS 
REGARDED  AS  A COMPLEX  DIELECTRIC  THAT  CONSISTS  OF  DRY 
EARTH  AND  WATER  THAT  CONTAINS  A MIXTURE  OF  DISSOLVED 
SALTS.  THE  DIELECTRIC  CONSTANT  OF  DRY  EARTH  CAN  BE  THEN 
ASSUMED  AS  BEING  REAL  AND  INDEPENDENT  OF  FREQUENCY  AND  THE 
DIELECTRIC  PROPERTIES  OF  WATER  ARE  DESCRIBED  BY  THE  DEQYE 
RELAXATION  FORMULA,  WITH  A CONSIDERATION  OF  THE  IONIC 
CONDUCTIVITY  OF  THE  DISSOLVED  SALTS.  WITH  THIS  APPROACH 
WE  CAN  USE  THE  KNOWN  DEPENDENCE  OF  THE  ELECTRICAL  PRO- 
PERTIES OF-  WATER  ON  THE  RADII  WAVELENGTH,  THE  TEMPERATURE, 

AND  THE  CONCENTRATION  OF  SALTS  IN  ORDER  TO  COMPUTE  THE 
VALUE  OF  THE  COMPLEX  DIELECTRIC  CONSTANT  OF  THE  REAL 
PHYSICAL  GROUND.  CALCULATIONS  MATCH  MEASUREMENTS  REASON- 
ABLY GOOD  AT  3 CM  WAVELENGTH  .** 

B41?6lB*6LUE,  M.D.  AND  PERKOWITZ*  S . "REFLECT  I V I TY  OF  COMMON 
MATERIALS  IN  THE  SiJBM  I LL  I ME  TER  RE  G I ON-&NO  #*IEEE  TRANS- 
ACTIONS ON  MICROWAVE  THEORY  AND  TECHNIQUES , VOL . MTT-25, 

NO.  6,  491-493*JUNF  1977#N0  #*THE  APPEARANCE  OF  AN  ILLU- 
MINATED SCENE  AS  SUB  mm  wavelengths  is  determined  BY 
SURFACE  REFLECTIVITY.  REFLECTIVITIES  OF  SOME  MANMaDE 
AND  NATURAL  MATERIALS  (GRASS,  BLACK  PAINT.  RUST,  SAND, 

SOIL,  WOOD  (OAK-  MAHOGANY,  F I R AND  ROSEWOOD)-  LEAVES 
(MAPLE  AND  GRASS,  BOTH  FRESH  AND  DRY),  ASPHALT,  CONCRETE) 

HAVE  BEEN  MEASURED.  THE  RESULTS  PROVIDE  SOME  INSIGHT  FOR 
EVALUATING  POSSIBLE  APPLICATIONS  OF  SUB  MM  RADIATION. «* 
5lll75c»V0GEL»  W.J.;  STRACTON,  A.W.;  WAGNER,  N.K.J  AND  FANNIN. 
B.M.^ATS-6  ATTENUATION  DIVERSITY  MEASUREMENTS  AT  20  AND  30GHZ* 
CONTRACT  NAS5-21982*N0  #*NOV  1975*N76-l3333*THE  RESULTS  OF 
DATA  OBTAINED  AT  THE  UNIVERSITY  OF  TEXAS  AT  AUSTIN  IN  CON- 
JUNCTION WITH  THE  ATS-6  MM  WAVE  EXPERIMENT  ARE  PRESENTED. 
ATTENUATION  MEASUREMENTS  AT  30  GHZ  ANn  SKY  NOISE  DATA  AT 
20  GHZ  WERE  OBTAINED  SIMULTANEOUSLY  AT  EACH  OF  TWO  SITES 
SEPARATED  BY  11  KM.  SPACE  DIVERSITY  REDUCED  OUTAGE 
TIME  FOR  A SYSTEM  IN  AUSTIN,  TEXAS  WITH  A 10  DB  FADE 
MARGIN  AT  30  GH7  FROM  15  HOURS  TO  15  MINUTES  PER  YEAR.  THE 
MAXIMUM  CLOUD  HEIGHT  SHOWS  A GOOD  CORRELATION  TO  THE  MAXIMUM 
ATTENUATIONS  MEASURED. **  _ „ n 

511174 I*H0dGE.  D.B.#MILLIMETER  WAVELENGTH  PROPAGATION  STUDIES* 
FINAL  REPORT  2374-18«NGR-36-008-080*NO  #*JULY  1974*N74- 
29495*THIS  IS  A FINAL  SUMMARIZING  THE  INVESTIGATIONS  CON- 
DUCTED UNDER  A NASA  GRANT  (ABOVE)  ENTITLED  MM  WAVELENGTH 
PROPAGATION  STUDIES  FOR  THE  PERIOD  DEC  1966  TO  JUNE  1974. 

THESE  EFFORTS  INCLUDED  THE  PREPARATION  FOR  THE  ATS-5  MM 
WAVELENGTH  PROPAGATION  EXPERIMENT  AND  THE  SUBSEQUENT  DATA 
ACQUISITION  AND  ANALYSIS.  THE  EMPHASIS  OF  THE  OSU  PARTI- 
CIPATION IN  THIS  EXPERIMENT  WAS  PLACED  ON  THE  DETERMINATION 
OF  RELIABILITY  IMPROVEMENT  RESULTING  FROM  THE  USE  OF  SPACE 
DIVERSITY  ON  A MM  WAVELENGTH  EARTH-SPACE  COMMUN I CAT  I ON 
LINK;  THIS  EFFORT  REPRESENTED  THE  FIRST  ATTEMPT  TO  PER- 
FORM SPACE  DIVERSITY  MEASUREMENTS  USING  AN  ACTUAL  EARTH- 
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SPACE  LINK  OPERATING  ABOVE  10  GHZ.  RELATED  MEASUREMENTS 
PERFORMED  AS  A PART  of  this  EXPERIMENT  included  THE  deter- 
mination of  THE  CORRELATION  BETWEEN  RADIOMETRIC  TEMPERA- 
TURE AND  ATTENUATION  ALONG  ThE  EaRTH-SPAcE  PROPAGATION 
P A T H , * * 

6?2181C*L  I EBE  , H,J.  AND  WELSH.  W . M . *MOlECUL  AR  ATTENUATION  AND 
PHASE  DISPERSION  BETWEEN  40  AND  140  GHZ  FOP  PATH  MODELS 
FROM  DIFFERENT  Al T I TUDES*0 . T . REPORT  73-lO*NO  #* MAY  1973* 
N74-25886*RADI 0 WAVE  PROPAGATION  IN  THE  40-140  GH7  BAND  THROUGH 


THE  FIRST  100  KM  OF  THE  ATMOSPHERE  IS  STRONGLY  INFLUENCED 
“ * '"'ID  TREAT- 


BY  THE  UWAVE  SPECTRUM  OF  OXYGEN  (02-MS).  A UNIFIED 
MENT  OF  MOLECULAR  ATTENUATION  AND  PHASE  DISPERSION  IS 
FORMULATED.  RESULTS  of  MOLECULAR  PHYSICS  ARE  TRANSLATED 
INTO  FREQUENCY.  TEMPERATURE-  PRESSURE  ANn  MAGNETIC  FIELD 
DFPENnENCTtS  of  A COMPLEX  REFRArTlVE  iNnEX.  THE  INTENSITY 
DISTRIBUTION  OF  THE  02-MS  UNDERGOES  SEVERAL  CHANGES  WITH 
INCREASING  ALTITUDE.** 

D121217»MINTZER.  D.*MiCROWAVE  CONDUCTIVITY  OF  SLIGHTLY  IONIZED 
GASES  AND  ELECTROMAGNETIC  SC  I NT  I LL AT  I ONS*NGR-14-007-071* 

NO  # » M A Y 1972*N74-21804*THIS  IS  A FINAL  REPORT  ON  A 2-1/2 
YEAR  GRANT!  TWO  LINES  OF  RESEARCH  WERE  PURSUED:  1) 

MICROWAVE  CONDUCTIVITY  OF  SLIGHTLY  IONIZED  GASES;  2)  SCIN- 
TILLATION OF  RADIO  WAVES  FROM  ASTRONOMICAL  SOURCES.  REPORTS 
WRITTEN  ON  THESE  OPTICS  ARE  LISTED  IN  THE  REFERENCES. ** 

B21462A*SCH0ERER.  G.* TERRESTRIAL  RAD  I OMETRY  AT  3 MM  WAVE- 

LENGTH*CH-3000-BFRN*8ERN  UNIVERSITY,  SWITZERLAND  (IN  GERMAN  ) « 
JUNE  1976*N76-10606*THIS  PAPER  DESCRIBES  SOME  THERMAL 
MEASUREMENTS  MADE  OF  OBJECTS  AT  3 MM  WAVELENGTH  --  TRACKS, 
CEM.  BUILDINGS,  MOTORBOATS  WITH  PHOTOGRAPHIC  COMPARISONS. 
TITLES  IN  THE  ARTICLE  ARE:  DESCRIPTION  OF  THE  3 MM 
IMAGING  RADIOMETER,  CALCULATIONS  INVOLVING  MICROWAVE 
RADIOMETER,  THERMOGRAMS  OF  NATURAL  OBJECTS,  DETECTION  OF 
METALS,  DETECTION  OF  PASSENGER  CAR,  DETECTION  OF  SHIPS, 
INVESTIGATION  BY  SMALL  PICTURES,  CONCLUSIONS.** 

B21 4618  *HOFER , R . *REFLECT I ON  AND  EMISSION  PROPERTIES  OF 
NATURAL  AND  ARTIFICIAL  MATERIALS  AT  3 MM  WAVELENGTH* 
CH-3000-BERN*BERN  UNIVERSITY,  SWITZERLAND  (IN  GERMAN)* 

JUNE  1 974*N76-10826*EXPER IMENTAL  DATA  FOR  NINE  MATERIALS 
FOR  REFLECTION  AND  EMISSION  VS  NADIR  ANGLE  GIVEN,  WITH  A 
MEASURING  FREQUENCY  OF  94  GHz.  MATERIALS  CONSIDERED  WERE 
WATUR,  METAL  TURNINGS,  SAND,  DIRT/LOAM,  BRICK,  GRASS,  FIR 
WOOD,  OIL  COATED  METAL  PLATE,  AND  SNOW.** 

513161F*MATTHEWS»  R.W.;  ROUSE,  J.W.;  MOLLOWY,  M.W.;  ET  AL  . * 
ACTIVE  MICROWAVE  WORKSHOP  REp0RT*NASA-SP-376*N0  #*MARCH 
27,  1975*N76-11811-11818*THIS  IS  A SYMPOSIUM  PUBLICATION 
RESULTING  FROM  AN  INVITATION  FROM  NASA/HOUSTON  "OPPORTUNI- 
TIES FOR  PARTICIPATION  IN  FUTURE  APPLICATIONS  PROGRAM, 

THE  PURPOSE  WAS  TO  FORM  AN  ADHOC  ACTIVE  UWAVE  WORKING  GROUP 
WHOSE  OBJECTIVE  WAS  TO  REVIEW  AND  DEFINE  THE  ANTICI- 
PATED ADVANTAGES  OF  ACTIVE  MICROWAVE  SYSTEMS  IN  FUTURE 
AEROSPACE  APPLICATIONS  PROGRAMS.  THE  GROUP  MET  FROM  JULY 
22-26,  1974  AT  N AS  A/ HO US  TO N . THIS  MAY  BE  CONSIDERED 
A "REMOTE  SENSING  BY  MICROWAVE  SOURCE  BOOK"  FOR  FURTHER 


USERS.  WAVE  BANDS  INCLUDED  ARE 
"TECHNICAL  BACKGROUND"  DESCRIBE 


30  CM  - 1 MM.  N76-11818  ■ 
S THE  PHYSICS  OF  E M SCAT- 
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li§Ini»/c,RS2.-IHE  SEAS-  MICROWAVE  RADIOMEtRY  EQUATIONS 


ARE  DEVELOPED. *. 

C1J:o.^AtyE§SI.'.  ja’  WM>  J.^ON  The  DETERMINATION  OF  ATMO- 
SPHERIC path  LENGTH  BY  A PASSIVE  MICROWAVE  R AD  I OMF TFR.NO 
#*NO  #*MAY  1975«n75-33568  (NASA  TM  X-70967  ) .TRI 5 ArTTCiE 
?H7?R{nEncIcDMVME  $C  A RADIOMETER  SYSTEM* ( 18-53 

CAV  J?wDIJfF.rlN£rIt^,-£TMP?,PHERlC  WATER  CONTENT  WHICH  THpY 
SAY,  CAN  CHANGE  SIGNIFICANTLY  IN  20  MINUTES  IN  A CERTAIN6^ 

ruled-  rlflli  r!5°rnnE5IC  WATER  CONTENT  V AR I A B I L I T Y I S THE 
CHIEF  CAUSE  FOR  ERRORS  IN  GEODETIC  MEASUREMENTS  MADE  VIA 

MrfcMiirJiSffi  LsiTYE5!0RS  Xs  MUCH  ,s  2 CM  CAN  BE  M4DE 

l2uluef,?Mr5uIift.' *?!  *S  * AND  BURROUGHS.  W . J . . OB  SE  R V A T I ONS  OF  MM 

PHVRTlRGTwmS0L^n  RAPlATJ9N<oLS5A  LEVEL.NO  #*INFRARED 
oeXSiSl'  tX-QL.^IO  , 195-1  72*1970. NO  #*THIS  PAPER 
?i£R§D?T™E«PEikLT  0F  GROUND  LEVEL  MEASUREMENTS  OF  THE 
n§S$P.-Tn°yTPFoS0LAR  RADIATION  AT  MILLIMETER  WAVELENGTHS 
SctcdEuItuTa  §rt.ATI?0SPyEPE+  DUSING  A MICHELSQN  INTERFERO- 

Dlcl,RnD;iyA.^nRSLl-lN  DETEctoR,  high  quality  spectra  have 
PPIt  obtained  over  the  range  2-12  cm-i.  absorption 

* DUE  TO  H20  AND  02  HAVE  BEEN  OBSERVED.  AND  OF 
EA?T.I9MkA?Tiyj£RE§T  IS  T HE,  02  TRANSITION  J = Q TO  J = 1 FOR 
K = 1 .LINE  AI _ 4X0  CM-1,  WH I CH  HAS  NOT _ BEEN^PRE V I OUSL Y 


observed  using 
features  have  b( 

THESE  HAVE  BEEN 

(HI  ‘ - 


Soad-band  TECHNIQUES,  weak  a 
EN  RECORDED  IN  THE  8 CM-1  WIND 
ASSIGNED  T0_THE  DIMER  OF  WATER 


SORPTION 

ow,  and 

VAPOR 


THE  SPECTRA  OBTAINED  AT  SEA-LEVEL  HAVE  BEEN 
r§EEA?5Y^WlTH  OTHERS  OBTAINED  AT  AN  Al  TTTUDE  OK  3580  M . 
FROM  THIS  COMPARISON  IT  HAS  BEEN  DEDUCED  THAT  THE  LACK 
OBSERVAT 1 ON  OF  A DISCRETE  ABSORPTION  FEATURE  IN  THF  7-9 
CM-1  REGION  BY  EASIER  WORKERS  IS  DUE  LARGELY,  AT  SEA 
LEVEL,  TO  THE  EFFECT  OF  THE  RELATIVELY  HIGH  PRESSURE 
^TEMPERATURE  EXISTING  AT  THE  EARTH'S  SURFACE?  THE 
FEASIBILITY  OF  USING  THE  PRESENT  TECHNIQUES  IN  ORDER  TO 

?iMiy2ATfliiE9?0k9PJ.CALr-PARAMETERs  SUCH  AS  HUMIDITY  AND 
TEMPERATURE  IS  DISCUSSED.** 

C2?^1l?Sy^TR,Y.'  ,G*^;  EXANS,',  HELEN  M.;  CHAMBERLAIN.  JOHN? 
nVEr^Tn1?'  H.A  .ABSORPTION  AND  DISPERSION  STUDIES  IN  TrF 
RANGE  10-1  - 1000  CM-1  USING  A MODEULAR  MIcHELSON  INTER- 
?E59MEJIR*N9  ^INFRARED  PHYSICS,  VOL.  9,  8 5- 93*  1 96 9 .NO  #* 
A MODULAR  MICHELSON  INTERFEROMETER  HAS  BEEN  DEVELOPED  FOR 


AND 

OF 


! I N G BOTH 
I AL  RANGE 


USE  AS  A FOURIER  TRANSFORM  SPECTROMETER  PROVI 
ABSORPTION  AND  REFRACTION  SPECTRA.  THE  SPFCTf 
THAT  IT  WAS  INTENDED  TO  COVER.  10-200  CM-1,  REPRESENTS 
9yLyt.AcE£RI,  9F  ITS  USEFUL  RANGE  WHICH  EXTENDS  TO  500  CM-1. 
IT  IS  SHOWN  THAT  A FEW  SIMPLE  MODIFICATIONS  ENA8LF  THE 
UPPER  FREQUENCY  LIMIT  TO  BE  RAISED  TO  1000  CM-1.  THERE 
IS  NO  EVIDENCE  FOR  FREQUENCY  ERRORS  GREATER  THAN  THE 
RESOLUTIpH  LIMIT,  NOR  ARE  THERE  ANY  SPURIOUS  FEATURES 
PRESENT  IN  THE  SPECTRA  DUE  TO  ARTEFACTS.*. 

C33151F .CHAMBERLIN,  JOHN;  GIBBS,  J.E.J  AND  GEB8IE,  H.A.* 

THE  DETERMINATION  OF  REFRACTIVE  INDEX  SPECTRA  BY  FOURIER 
SPECTROMETRY. NO  #*INFRARED  PHYSICS,  VOL-  9,  185-209,  1969* 
NO  #* I K A DISPERSIVE  MEDIUM  ISINTRODUCED  INTO  ONE  ARM  OF 
A MICHELSON  INTERFEROMETER  IRRADIATED  BY  A WIDE  BAND  OF 
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radiation,  the  two-beam  intepferogram  contains  detailed 

INFORMATION  ABOUT  THE  VARIATION  OF  THE  COMPLEX  REFRACTIVE 
INDEX  OF  THE  MEDIUM  WITH  WAVE-NUMBER.  RECENT  EXPERIMENTAL 
WORK  IN  THE  INFRA-REn  SPECTRAL  REGION  HAS  SHOWN  THAT  THIS 
INFORMATION  MAY  BE  RECOVERED  TO  GIVE  THE  COMPLEX  REFRACTION 
SPECTRUM  OF  THE  MATERIAL.  DETAILS  OF  THE  MATHEMATICAL 
THEORY  AND  THE  NECESSARY  OBSERVATIONS  AND  COMPUTATIONS 
ARE  GIVEN,  AND  ILLUSTRATED  By  THE  RESULTS  OF  RECENT  IN- 
VESTIGATIONS OF  THE  REFRACTION  SPECTRA  OF  SPECIMENS  IN 

_ EACH  OF  THE  THREE  MATERIAL  PHASES, ** 

5511A1G*BIrcH,  J.R.;  BURROUGHS,  W.J.;  AND  EMERGY,  R.J.# 

OBSER V AT  j ON  OF  ATMOSPHERIC  ABSORPTION  USING  SUB  MM  MASER 
SOURCES*NO  #*INFRARED  PHYSICS,  VOL-  9,  75-83*1969*N0  #« 
USING  FIVE  SUBMILLIMETER  MASFR  EMISSION  LINES  THE  ABSORP- 
TION OF  THE  ATMOSPHERE  AND  OF  PURE  WATER  VAPOR  HAVE  BEEN 
EXPERIMENTALLY  DETERMINED!  THE  LATTER  AS  A FUNCTION  OF 
PRESSURE.  THESE  RESULTS  HAVE  BEEN  COMPARED  WITH  VALUES 
DERIVED  FROM  A COMPLETE  THEORETICAL  ANALYSIS  BASED  ON 
MONOMERIC  WATER  VAPOR  ONLY.  THIS  COMPARISON  LEADS  TO 
CONCLUSIONS  THAT  ATMOSPHERIC  ABSORPTION  IN  THE  SPECTRAL 
REGION  32  - 100  CM-1  MAY  BE  EFFECTIVELY  COMPUTED  USING  A 
THEORETICAL  MODEL  WHICH  CONIpERS  MONOMERIC  WATER  VAPOR 
ALONE;  AND  THAT  FOR  ABSORPTION  BY  PURE  WATER  VAPOR  A 
SMALL  DEVIATION  EXISTS  WHICH  IS  CONSISTENT  WITH  THE 
THEORETICALLY  EVALUATED  SPECTRUM  OF  THE  WATER  VAPOR 
DIMER. «* 

531581C*HARRIES,  J.E.  AND  ADE,  P . A . R . * ABSORPT I ON  BY  MINOR 
ATMOSPHERIC  CONST  I TUTENTS  NEAR  8 CM-l*NO  #MNFRArEQ 
PHYSICS,  VOL.  12.  143-144»1972*N0  #*IN  THE  PREVIOUS 
ISSUE  OF  INFRARED  PHYSICS,  A . 6 . KISLYAKOV  (VOL,  12,  P6l- 
63,  1.972)  OFFERED  SOME  CRITICISM  OF  OUR  EARLIER  WORK,  IN 
THAT  INSUFFICIENT  CONSIDERATION  WAS  GIVEN  TO  ABSORPTION 


BY  OTHER  MINOR  ATMOSPHERIC  GASES  WHEN  CONSIDERING  THE 
8 CM-1  WINDOW  REGION.  DUE  CONSIDERATION  HAS,  IN  FACT* 

~~  “ “ " 'I  THESE  ABSORBERS  AND  THE  CRITI 

: T IN  THE  paper  ON  PAGE  81  OF 


DESCRIBE  MORE  EXPLICITLY 
1 1 E F L Y IN  THE  PAPER. 


ALWAYS  BEEN  GIVEN  BY  US  Tr 
CISMS  HAVE  LARGELY  BEEN  Ml 
THIS  ISSUE-  BUT  WE  WOULD  LIKE  TO  . 

THE  ARGUMENTS  MENTIONED  RATHER  BR  _ 

13314 1M»EMERY , R . * ATMOSPHER I C ABSORPTION  MEASUREMENTS 
IN  THE  REGION  OF  1 MM  WA VELENGTH*NO  #«INFRaRED  PHYSICS, 

VOL.  12,  65-79*1972*NO  ABUSING  A FROOME-TYPE  PLASMA-METAL 
JUNCTION  HARMONIC  GENERATOR-  HIGH  RESOLUTION  TRANSMISSION 
MEASUREMENTS  HAVE  BEEN  MADE  ON  THE  ATMOSPHERE  IN  THE  WAVE- 
LENGTH RANGE  0. 5-3.0  MM.  THEORETICAL  S PE C T R A HAVE  BEEN 
COMPUTED  FOR  SUBM  I l.L  I METER-M  I IL  I ME  TER  WAVELENGTH  ATMO- 
SPHERIC ABSORPTION  DUE  TO  WATER  VAPOR  USING  THEK  KINETIC 
EQUATION  FORM  FOR  THF  LINE  SHAPE.  MEASUREMENTS  WERE  MADE 

on  the  basic  parameters  of  the  main  water  vapor  absorp- 
tion LINES  OCCURRING  IN  THE  WAVELENGTH  RANGE  Q. 65-3.0  MM. 
THE  PURE  WATER  VAPOR  LINE  WlpTH  PARAMETERS  ARE  FOUND  TO  BE 
CONSTANT  FOR  THE  THREE  MAIN  ABSORPTION  LINES  IN  THIS  RANGE 
AND  EQUAL  TO  0.55  + OR  - 0.05  CM-1.  THE  WATER  VAPOR-NITRO- 
GEN LINE  WIDTH  PARAMETER  FOR  THE  1.64  MM  WAVELENGTH  LINE 
IS  MEASURED  TO  BE  16  PERCENT  LARGER  THAN  THEORY  HAVING  A 
VALUE  OF  0.111  + OR  - 0.005  CM-1  AND  IS  CONSTANT  OVER  A 
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R A NG  [ 
V A T I 


IN 


of  pressures,  comparison  between 

FOR  THE  ABSORPTION  IN  TWO  SUBMIL 


WINDOWS  strongly ^favors.the.kineii 

! T 


7LINF  SHAPE  RATHER  tHAN  thfmorf  usu^l  lorentz  shapi 

532l8l7«KlSLYAK0y-  A,S.*ON  THE  ATMOSPHERIC  TRANSPARl 

SPECTRUM  IN  THE  (8  CM-1)  MM  BAND*NO  #*INFRARED  PHYSICS 
VOL,  12>  61-63*1972*N0  #*THE  RECENT  EXPERIMENTAL  DATA  IN 
PAPERS  BY  GEBBIE  AND  BURROUGHS  ON  THE  MILLIMETER  ATMO- 
SPHERIC TRANSPARENCY  SPECTRA  ARE  DISrUSSED.  THE  MAIN 
ATTENTION  IS  PAID  TO  THE  QUESTION  WHETHER  SMALL  ATMO- 
^ SPHERIC  CONSTITUENTS  OCCUR  IN  THESE  SPECTRA  OR  NOT.** 
53?l4lG*HARIES » J.E.  AND  ADE-  P.A.R.*THE  HIGH  RESOLUTION  MM 
WAVELENGTH  SPECTRUM  OF  THE  ATMOSPHERE* NO  #*INFRARED  PHYSICS. 
VOL  12.  81-94*1972* NO  #*THIS  PAPER  PRESENTS  NEW  MEASUREMENTS 
WHICH  WE  HAVE  MAnE  OF  THE  SPECTRUM  OF  SOLAR  RADIATION 
ATTENUATED'  BY  THE  EARTH'S  ATMOSPHERE,  OBSERVED  FROM  SEA 
LEVEL  WITH  THE  1,5  M DIAMETER  TELESCOPE  AT  QUEEN  MARY 
COLLEGE.  the  experimental  systfm  CONSISTS  OF  A phase- 
MOnULATEo  MICHELSON  I NTERF EROMET ER ANn  A ROLLIN  DETECTOR. 

AND  WITH  IT  SPECTRA  HAVE  BEEN  OBTAINED  TO  A RESOLUTION  OF 
0.125  CM -l , WITH  VERY  HIGH  S I G NA L-TO -No I SE  RATIOS-  AS 
W^LL  AS  CLEAR  OBSERVATION  OF  THE  WELL-KNOWN  H20  AND  02 


THEORY  AND  OBSER- 
LL  I METER  WAVELENGTH 

equation  form  of  the 


** 
:N  C Y 


OF  WEAK  FEATURES  AR 
THE  NATURE  OF  THESE 


7.7  CN-1  ANn  8.8  CM-1  IS 
ASSIGMENT  FOR  THE  LATTER 


DETECTED*  SOME  FOR 
WEAK  LINES,  PAR' 


iIstussEn, 
iTlLL  BEING 


. NES,  A NUMBER 

the  first  time. 

TICULARLY  THOSE  AT 
THE  MOST  FAVORABLE 

to  the  water  dimer  molecular  ( h2 o ) 2 - «■* 

521l8l8*WHlTfc,  W .F . *MI CROWAVE  SPECTRAL  LINE  L I ST  I NG*N ASA  - 
TN  D-8053*NO  #*NOV  1 97 5*N7 6- 11 84 l* THE  FREQUENCY,  INTENSITY 

and  identification  of  9615  spectral  lines  belonging  to 

75  MOLECULES  ARE  TABULATED  IN  ORDER  OF  INCREASING  FRE- 
QUENCY. MEASUREMENTS  FOR  ALL  75  MOLECULES  WERE  MADE  IN 
THE  FREQUENCY  REGION  OF  26.5  TO  40  GHZ  BY  A COMPUTER 
CONTROLLED  SPECTROMETER.  MEASUREMENTS  WERE  ALSO  MADE  FOR 
18  GHZ  TO  26.5  GH7  FOR  SOME  MOLECULES.** 

522731E*MAL0TA , F.  AND  SKIN,  VOLKER*GROUND-B ASED  MULTI- 
SPECTRAL  PASSIVE  MICROWAVE  SOUNDING  OF  AN  ATMOSPHERIC 
TEMPERATURE  PROFILES  NEAR  60  GHZ*NO  #*DLR-FB-76-0l* 

DEC  1975*N76-22840*THIS  IS  A THEORETICAL  STUDY  OF  THE 
MEASUREMENT  OF  ATMOSPHERIC  TEMPERATURE  FOR  A GROUND 
BASED  60  GHZ  RADIOMETER.  THE  RELATION  BETWEEN  ATMO- 
SPHERIC PARAMETERS  AND  THERMAL  MICROWAVE  RADIATION  IS 
DERIVED.  THE  INFLUENCE  OF  VARIOUS  ATMOSPHERIC  CONDITIONS 
(COLD,  MIDDLE  ALTITUDE,  HOT  ATMOSPHERE),  CLOUD  FORMATIONS 
AS  WELL  AS  TEMPERATURE  INVERSION  LAYERS  NEAR  EARTH  SURFACE 
UPON  THE  NOISE  TEMPERATURES  IS  INVESTIGATED.  SOME 
COMPUTATIONAL  RESULTS  ARE  PRESENTED  FOR  THE  RECONSTRUCTION 
PROBLEMS  OF  VERTICAL  TEMPERATURE  PROFILES  FROM  MEASURED 
VALUES  OF  THE  NOISE  TEMPERATURE.** 

52267a*BERMAN,  ALLEN  L.  AND  ROCKWELL,  STEPHEN  T.*NEW  OPTICAL 
AND  RADIO  FREQUENCY  ANGULAR  TROPOSPHERIC  REFRACTION  MODELS 
FOR  DEEP  SPACE  APPL I CAT IONS*NO  #*N AS A -CR- 14 8534 *NOV  1973* 
N76-28449*THIS  PAPER  PRESENTS  THE  DEVELOPMENT  OP  ANGULAR 
TROPHOSPHERIC  REFRACTION  MODELS  FOR  OPTICAL  AND  RADIO 
FREQUENCY  USAGE.  THE  MODELS  ARE  COMPACT  ANALYTIC  FUNCTIONS 
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FINITE  OVER  THE  ENTIRE  DOMAIN  OF  ELEVATION  ANGLE 

e over  larege  ranges  of  pressure,  temperature,  and 


accurate 

relative  HUMIDITY.  also. 

THE  MODELS  ARE  iNCLUnEQ-** 

2315818-BLUE.  M . D . »PERM I TT I V I T Y OF  WATER  AT  MM  W A VELENGT H *NO  #* 
GEORGIA  TECH/NASA  GRANT  NSG-5082*AUG  1 976*N7 6-30 91 1 »TH I S 
REPORT  DESCRIBES  THE  MM  WAVE  REFLECTIVITY  MEASUREMENTS  OFF 

of  water,  ice  and  simulated  sea  water  (with  plankton  content) 

AT  100  GHZ  . FROM  THESE  MEASUREMENTS,  USING  MFRCURY  AS  a 
PERFF.oT  REFLECTOR,  the  COMPLEX  DIALErTRIr  rONoT AntS  WERt 
DERIVED  FOR  THESE  MATERIALS.  the  results  agree  well  with 
the  WORK  OF  PETER  RAY  ( APPL . OP T I rS , Vll.  1836  (19/2)). 
A63183B»HARrIs,  F.S.,  ET  AL . *A  T mO  SB  h*R I C AEROSOiSJ  THEIR 
OPT  I /»AL  PROPERTIES  AND  EFFECTS  *NO  #*NASA _cR-2&04  «nEC  1975* 
N77-r5563*THIS  IS  A COLLECTION  OF  PAPERS  ON  ATMOSPHERIC 
AEROSOLS  AND  THEIR  OPTICAL  PROPERTIES  GIVEN  AT  A SYMPOSIUM 
AT  NASA  LANGLEY  RESEARCH  CENTER,  SPONSORED  BY  NASA  AND  THE 
OPTICAL  SOCIETY  OF  AMERICA.  THIS  HAS  LITTLE  TO  DO  WITH 
MICROWAVES.  BUT  MUST  RE  CONSIDERED  AN  IMPORTANT  SOURCE 
COLLATION  ON  AEROSOL  PHYSICAL  PR OP ER T I ES . * » 

A6^1828*HARR IS  » F.S.,  ET  AL.«  ED  I T 0R»A TMOSPHER I C AEROSOLS: 

THFIR  OPTICAL  PROPERTIES  AND  EFFECTS  ( SUPPLEMENT  ) »NO  #* 
NASA-CR-2004  SUPPLEMENT  a 19  76  »N77 -1.56  64  * TH  T S IS  A CONTINUA- 
TION OF  N77-15663  OF  THE  SAME  TITLE  ON  THE  CONFERENCE 
PROCEEDINGS  OF  A NASA/OPTICAL  SOCIETY  OF  AMERICA  CONFERENCE 
AT  NASA  LANGLEY,  DEC  13-15,  1975.  THIS  WITH  THE  PREVIOUS 
PAPER  IS  A STANDARD  REFERENCE  ON  AEROSOL  PROPERTIES  THOUGH 
IT  HAS  LITTLE  INFOR  ON  MM  PROPERTIES.** 

5111 71 C »FONG , D.J.  AND  HARRIS,  J . M . »PREC I P I T A T I 0 N- A T TE NU A T I 0 N 
STUDIES  BASED  ON  MEASUREMENTS  OF  ATS-6  20/30  GHZ  BEACON 
SIGNAL  AT  CLArKSBERG.  MD*NO  #*COMSAT  LABS,  NASA-CR-152501* 
JULY  1.  1976*N7/-23295*THIS  PAPER  DISCUSSES  EXPERIMENTS 
MEASURING  THE  20  AND  30  GHZ  ATMOSPHERES  AS  A FUNCTION  OF 
TIME  USING  ATS-6 ' S BEACONS  AS  A CALIBRATED  SOURCE.  THE 
ATTENUATION  VS  TIME  WAS  CORRELATED  WITH  SKY  RADIOMETRIC 
NOISE  AT  THESE  SaME  FREQUENCIES:  THE  MaTCVH  WAS 
MODERATELY  GOOD.  RAIN  GAUGES  WERE  POSITIONED  UNDER  THE 
PATH  OF  MM  BEAM  TO  THE  ALTITUDES  TO  RECORD  THE  RAINFALL 
RATE  AND  THEN  CORRELATE  WITH  THE  ATTENUATION  VS  TIME  w 
MEASURED  BY  THE  GROUND  STATIONS.  THE  CORRELATIONS  MAY 
BE  USED  FOR  INDIRECTLY  ESTIMATING  LONG  TERM  CUMULATIVE 
ATTENUATION  STATISTICS  IN  THE  ABSENCE  OF  DIRECT  SATELLITE 
SIGNAL  MEASUREMENTS .**  , „ _ 

C21 5417»BERT0LINE  . Fj  COTTANI,  G.  AND  ROGAJ,  S»COMPLEX  DIELEC- 
TRON  CONSTANT  MEASUREMENTS  IN  THE  FIELD  OF  MM  WAVES  (IN 
ITALIAN)*N0  #*F0NDAZIONE  UGO  BARDONNmay  24  l976*N77-25376» 
THE  COMPLEX  DIELECTRIC  CONSTANT  OF  A PLASTIC  BICC  WAS 
MEASURED  FROM  40-50  GHZ  IN  A CIRCULAR  CAVITY  REFlEcOMETER 
USING  A BWV  AS  A POWER  SOURCE.  f HE  REASON  FOR  THIS  WORK 
WAS  TO  PROVIDE  a BASIS  FOR  DESIGN  OF  HIGHER  (THAN  30  GHZ) 
FREQUENCY  DIELECTRIC  IN  CAVITY  MEASUREMENT  HARDWARE. ** 
C13181D«THOMAS , J . . M.C.;  OTT,  R.H.J  AND  VlOLETTE,  E • J • * 

RFPORT  ON  1976  MM  WAVE  C ON  FE  RE  NC  E*  NO  #*OFFICE  OF  TELE- 
COMMUNICATIONS. U.S.  DEPARTMENT  OF  COMMERCE,  DEN VE R*  SE  PT 
1976*PB-258  576*TITLE  AND  SPEAKERS  ONLY  WERE  GIVEN:  USES  OF 


__  AND 

(ESSURE,  temperature, 

FORTRAN  SUBROUTINES  OF  EACH  OF 
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CDcl2cDCE?JcUM  AROvE  10  GHZ  WAS  EMPHASIZED. 

ppPnM a SS  £?E;,  A NEW  aR£rPaCH  70  MM  WAV 

FELDMAN, ET  AL . , RaND.  2>"HILITaRY  PLANS  F 

gg-D%  .JAIK'n8tC-A*  3)  "SOME  ASPECTS  OF 
OF  B.T.L,,"  DR.  L.  TILLETSON.  B.T.L.  4) 

f.c.c.»"  a.  reIner,  F.c.c.  £)  "SURVEY  OF 
MM  Wave  SOURCES,"  DR.  B.  fork,  VARIAN  6) 
satellites. pR.  i.  ippolite,  nasa  7)"mm 
on  terrestrial  and  earth  space  paths."  dr 

*:>^iPLP£JP2MASNiT!C'"  DR*  H-  BOYNE,  N.B.S 
52ll3lc*REBER , E . E »ABSORPT I ON  OF  THE  4-6  MM 
IN  The  AJMOSPHERE*NO  ^AEROSPACE  CORP. 

MAR  15  1972* AD -745 -951 *TH I S REPORTS  ON 


TITLE  AND 
S,"  N.E. 

R MM  WAVES." 

MM  WAVE  RESEARCH 
"THE  ROLE  OF  THE 
SOLID  STATE 
"COMMUNICATION 
WAVE  PROPAGATION 
. D.  HAYS,  B.T.L. 
. *« 

WAVELENGTH  Band 
SAMSO-TR-72-151* 
THE  MEASUREMENTS  OF 


ATMOSPHERIC  ATTENUATION  OF  SIGNALS  FROM  48-72  GHZ  RECEIVED 
BYA  515*1  JH-52 INJ I NG  RADIOMETER  - THE  SUN  AS  A MM  SOURCE  U 
ATMncDuciyREMluJS  0F  THE  PRECIPITABLE  WATER  CONTENT  IN  THF 
ATMOSPHERE.  THE  ATTENUATION  DUE  TO  02  WAS  DETERMINED  THF 

ZEN  th  qj  attenuations  as  4 function  or  frequency  anB'  e 

USED  TO  COMPARE  THE  THEORIES  FOR  COLLISION 
BROADENED  SPECTRAL  LINES,  AND  TO  DEVELOP  A NEW  EXPRESSION 
FOR  PRESSURE  PRODUCED  SPECTRAL  LINES.  THIS  REPORT  HAS  A 
GOOD  0N  MEASUREMENTS  IN  THE  60  GHZ  02  LINE?** 

942161C»KIRSCHNER,  S.M.;  LEROY.  R.J.;  OGILVIE,  J.F.f  AND 
TIPPING,  R,H.*RADIAL  MATRIX  ELEMENTS  AND  DIPOLE  MOMENT 
£U^9T!0N  FOR  THE  GROUND  STATE  OF  CO’«NO  #*J0URNAL  OF  MOE- 
CUL AR  SPECTROSCOPY  65,  306',3l2*1977ttNO  #» RADIAL  MATRIX 
ELEMENTS  x SUPER ( K ) FOR  K=0  TO  K=5,  V=0  TO  V = 12,  ABSO- 


TO  150  HAVE  B| 

we  functions 


IE N CALCULATED 

IBTAINEd  from  the 


lute  V 1 - V ) = 6 T 0 4 » AND  J UP 

FOR  12C160  USING  ACCURATE  W A _ .. 

MONSx’lDELfNITSEEI^S!i8NsfiBnMAB|2SGE!S»  PR0P^  0P  CARBON 

C^1151C«-BATT , R.J.  AND  HARRIS,  n.J.*AN  OPEN  RESONATOR  TECH- 
NIQUE FOR  THE  MEASUREMENT  OF  ATMOSPHERIC  PROPAGATION 
CHARACTERISTICS  AT  SUBMILLIMETER  WAVbLbNGTHS*NO  #»InFRARED 

rn^lcruK^nlr  noA -325-327*l976*N0  #*A  3-MlRROR  OPEN  RESONA- 
TOR technique  operating  in  the  miilimeter  band  is  described 
I^^TI9HNIQUE  IS  USED  with  a 337  UM  LASER  TO  MEASURE  THE 
»£$0££Tl°fc!  OF  AIR  WITH  VARYING  WATER  VAPOR  CONTENT.  THE' 
nr  u?9c[£Hwad£§0N£J0R  strUCTURE  IS  LOWERED  wfTH  THE  ADDITION 
2C,WATEi  VAROR,  RELATJVE  TO  THF  "0"  WITH  DRY  AIR,  WITH 
THE  INVERSE  OF  THE  LOADED  CAVITY  Q LINEARLY  VARYING  WITH 
wAlnS^hK,nV^  HUMIDITY,  OR,  THE  ABSOLUTE  AMOUNT  OF  WATER 
_ VAPOR/UNIT  VOLUME,  IN  GM  CM-3.** 

731151E*GEBBIE , H.A.;  STONE,  N.W.B.;  TOPPING,  G.5  GORA,  E.K.; 
Sk2PICci  S , A . j AND  KNE1ZYS,  F . X . ^ROTATIONAL  ABSORPTION  OF 
SOME  ASYMMETRIC  ROTOR  MOLECULES.  PART  I.  OZONE  AND  SULFUR 
DIOXIDE*NO  #*JOURNAL  OF  MOLECULAR  SPECTROSCOPY,  VOlT  19, 
£7£vUr6,6,*N£  #?R0R  112  SPECTRUM  OF  OZONE  AND  SULFUR 
DIOXIDE  HAVE  BEEN  OBTAINED  I NTERFEROMETR I CALL Y WITH  A 
RESOLUTION  OF  0.25  AND  .12  CM-1,  RESPECTIVELY.  IN  THE  CASE 
OF  OZONE,  AGREEMENT  WITH  PREDICTIONS  BASED  ON  PREVISOULY 
PUBLISHED  MICROWAVE  DATA  HAS  BEEN  CONFIRMED.  FOR  S02,  THE 
FAR  IR  INDICATED  THE  NEED  OF  TAKING  HIGHER  ORDER  ANTRIFUQAL 
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DISTORTION  CORRECTIONS  INTO  CONSIDERATION.  A NON-LINEAR 
CORRECTION,  CALLED  K6,  IS  CALCULATED  FOR  01  AND  S02  AND 

N02'  ALSO,  AND  ARE  COMPARED  WITH 
THOSE  CALCULATED  FOR  03  AND  S 0 2 • * * 
c5173lA*FAZI0,  G.G.*A  102  CM  BALLOON-BORNE  TELESCOPE  FOR  FAR 
IR  ASTRONOMY*NO  #*  HA  RV  AR  D COLLEGE  OBSERVATORY,  OPTICAL 
ENGINEERING,  VOl. . 16,  NO.  6,  55l-557*N0V-DEC  1977*N0  #* 

:SENTS  THE  INSTRUMENTATION  CHARACTERISTICS  ANq 


THIS  ARTICLE  PRE_ 
SOME  EXPERIMENTAL  R 


ISULTS  ION  THIS  BALLOON-BORNE  FAR  IR 


TELE'SCOPE.'‘"Tf  is"PURp6sE'JirT0'PERF0RMWRADI0METRYr  AND*  FAR  IR 
(40  UM-250  U M ) MAPPING  OF  CELESTIAL  SOURCES.  SIX  FLIGHTS 
HAVE  PRODUCED  MUCH  ASTRONOMICAL  DATA,  WITH  40  HOURS  QF 
OBSERVATIONS  OF  HI  I REGIONS,  DARK  CLOUDS,  MOLECULAR  CLOUDS 
galaxies*  etc.** 

713181B«TANAHA.  T CHEH I KO  ANn  MORINO,  YONZO*COR I OL I S INTERACTION 
AND  ANHARMONIC  POTENTIAL  FUNCTION  OF  OZONE  FROM  THF  MICRO- 
WAVE SPECTRA  IN  THE  EXCITFD  VIBRATIONAL  STATES*NO  #* 

JOURNAL  OF  MOLECULAR  SPECTROSCOPY,  VOL.  33.  53 8- 55 l* 19 70  * 

NO  #*M ICROWAVE  ABSORPTION  SPECTRA  (8-70  GHZ)  WERE  I DEN  T I - 
PIED  EXCITED  VIBRATIONAL  STATE  WITH  Vl=l,  V2  = lV  AND 

V3=l  STATES  THE  INERTIA  DEFECT  IN  THE  CORIOLI  PERTURBED 
STATE  WAS  DEFINED  and  SUCCESSFUL!  Y APPLIED  TQ  THE  ANALYSES 
CUBIC  AND  QUANTITATIVE  P OT EN T I AL  ’ C ON ST  AN TS  WERE  DEFINED 
AMUADMn'ili^DnTCMTlf0S^  SIMILARITIES  WERE  OBSERVED  AMONG  THE 


of; 


^ w « a j l u j l l ICO  r*  c _ _ 

SE:®Xf?TUfcRS8B?T^Ts j85«?l : . 

S£SSBi2i-§?gSsRgsSt3??ftSEi'*E9?"8fi,-bPTTH^-?S',SS«gESFX88oNE- 

NO  ^JOURNAL  OF  MOLECULAR  SPECTROSCOPY,  VOL.  64,  343-364* 
1977#N0  #»THE  VIBRATION-ROTATION  BAND  OF  V3  OF  OZONE  HAS 
BEEN  RECORDED  WITH  A HIGH  RESOLUTION  (.012  CM-1)  SPECTROMETER, 
AND  MICROWAVE  ABSORPTION  SPErTRA  OF  OZONE  HAS  BEEN  TdENTIF  Ed 
IN  THE  EXCITED  VIBRATIONAL  STATES  (100)  AND  (001)  A STRONG 
CORIOLIS  INTERACTION  HAS  REEN  OBSERVED.  MORE  THA^  1200 
iEnPTRTLi  UlSi?  HAVE  BEEN  IDENTIFIED  IN  THE  V3  BAND.  IT  IS 
SHOWN  THAT  TRANSITIONS  WITH  HIGH  VOLUMES  OF  THE  QUANTUM 


_ NUMBERS  K-l  (7,11)  CONTR I BUTE ’ TO  S ! G N T FI C ANT ' n I S TORT  I ON  »» 
745T§T?“!-.l CHTENSTF  IN  , M.  AND  GALLAqHER,  J . J . »M  I Ll  I ME  TE  R WAVE 


rir  t hi!  Ln  I CNi  t ii'i  . M . AND  wALLAQHER  , J . J . *M  I LL  I ME  TE  R WAV 

P,nPcT5nM  9 n f*J°URfi!AL  OF  MOLECULAR  SPECTROSCOPY, 

VOL.  40,  10-26*1971*NO  #*THE  MICROWAVE  SPECTRUM  OF  03  HAS 
BEEN  OBSERVED  TO  THE  FREQUENCY  OF  320  GHZ.  ANp  THE  SPECTRUM 
RE-oALCUlATEDIO  OBTAIN  NEW  ROTATIONAL  CONSTANTS  FOR  Thc 
MOLECULE.  THE  STARK  EFFECT  HAS  BEEN  MEASURED  TO  YIELD  RMS 
VALUE  OF  THE  DIPOLE  MOMENT  OF  0 . 5 3 2 4 PLUS  OR  MINUS  .0024 
DffVE  -ROTATIONAL  CONSTANTS  FOR  THE  VIBRATIONAL  GROUND 
_ STATE  OF  03  ARE  GIVEN.  -»* 

213171 G*B0ST I AN , C-W.;  STUTZMAN,  W-L.)  WILEY,  P.H.:  AND 

HARSH ALL.  R.E; * ' HE  INFLUENCE  OF  POLARIZATION  6n  millimeter 
WAVE  PROPAGATION  THROUGH  RAlN*NGR-47-004-09l*NO  #*JAN  1974* 
N75-27212*THIS  REPORT  PRESENTS  THE  ESSENTIAL  FINDINGS  OF  A 
?ZriM0,rMyr-E£rE§ 1 MENTAL  AND  THE  ACtUAL  INVESTIGATION  INTO  THE 

influence  of  polarization  on  mm  wave  propagation  through 

RAIN.  THE  INVESTIGATION  WAS  SUPPORTED  BY  NASA  TO  EXPLORE  A) 

WHICH  precipitation  depolarization  with 

WITH  PLACE  ON  FUTURE  MM  WAVE  EARTH  - SATELLITE  COMMUNICATION 
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SYSTEMS  EMPLOYING 
SHARING  AND  B)  TH 
SISTANCE  OF  SUCH  SySTE 
VERSITY  OPERATION  OR  BY 
SUBJECT  TO  ATTENUATION 


ORTHOGONAL  POLARIZATION  FREQUENCY 
POSSIBILITY  OF  IMPROVING  THE  FADE  RE- 

‘ “MS,  either  through  polarization  DI- 

THE  CHOICE  OF  POLARIZATION(S)  blast 
TO  FACILIIATETHE  EXPERIMENTAL 

'NEd 


WORK,  the  EFFORTS  DESCRIBED  IN  THIS  REPORT  WERE  CONF 
LARGELY  TO  GROUND  BASED  COMMUNICATIONS  SYSTEM. ** 
513161E*FARR0W , J.B.*THE  INFLUENCE  OF  THE  ATMOSPHERF  ON 

REMOTE  SENSING  MEASUREMENTS,  VOL.  ^CONTRACT  NO-  ESRO  1837/ 
72PP  AND  l838/72PD*N0  #*DEC  1973*N74-20986*TH I S IS  A SUM- 
MARY REPORT  OVER  TWO  STUDIES:  INFLUENCE  OF  THE  ATMOSPHERE 
ON  REMOTE  SENSING  AT  1)  WAVELENGTHS  FROM  UV  TO  INFRA  RED 
(.3  UM  TO  15  UM)  AND  2)  UWAVE  AND  RADIO  WAVELENGTH  (1  MM- 


30  CM) 


ATMOSPHEf 
lEME 


OF 


INFORMATION  IS  PROVIDED  ON  THE  BASIC  PURPOSE 
JERIC  PROCESSES  WHICH  INFLUENCE  REMOTE  SENSING 
MEASUREMENTS,  TYPES  OF  PROCESSIVE  DtSCR I BED  AND  DISCUSSED 
AND  THE  INFLUENCE  OF  THE  ATMOSPHERE  ON  INCIDENT  AND  RE- 
FLECTED SOLAR  RADIATION  AND  ON  EMITTED  SCENE  RADIATION  ARE 
THEN  DESCRIBED  WITH  PARTICULAR  REFERENCE  TO  THE  MAJOR 
TYPE  OF  SENSOR.  FINALLY,  VARIOUS  POSSIBLE  MEANS  OF 


CORRECT  I n6  ATMOSPHERICALLY  DEGRADED  DATA  ARE  REVIEWED- ** 
Bl2588G*MASON,  P.R.:  HASTED,  J.B.5  AND  MOORE,  L.*THE  USE  OF 
STATISTICAL  THEORY  IN  FITTING  EQUATIONS  TO  DIELECTRIC 
DISPERSION  D AT  A o-NO  # * A D V A N . MOL.  RELAXATION  PROCESS, 

VOL.  6,  217-232*l976*NO  #*THIS  PAPER  SHOWS  HOW  A CHOICE 
MAY  BE  MADE  ON  THE  BASIS  OF  STATISTICAL  THEORY  BETWEEN 
ALTERNATIVE  DIELECTRIC  DISPERSION  EQUATIONS  HYPOTHESISED 
TO  FIT  SETS  OF  EXPERIMENTAL  DATA.  IT  ALSO  SHOWS  HOW  TO^. 

FIND  THE  BEST  VALUES  AND  PROBABLE  RANGES  OF  THE  PARAMETERS 
IN  THE  EQUATIONS.  IT  IS  FOUND  THAT  THE  IMPROVEMENT  IN  THE 
FIT  OF  The  COLE-COLE  EQUATION  OVER  the  DEBYE  THROUGHOUT 
THE  COMPLETE  TEMPERATURE  RANGE  FROM  0 TO  75  DEG  C MAKES  IT  A 
NEAR  STATISTICAL  CERTAINTY  THAT  THERE  IS  SOME  SPREAD  OF 
RELAXATION  FORCES  IN  WATER  OVER  ALL  THIS  TEMPERATURE  RANGE. 

A 20  DEG  C FOR  EXAMPLE,  THE  PROBABILITY  OF  THE  IMPROVEMENT 
IN  FACT  NOT  BEING  DUE  TO  CHANGE  IS  GREATER  THAN  92.5%, 

WHICH  THE  90  % CONFIDENCE  INTERVAL  FOR  H,  THE  COLE- 
COLE  SPREAD  PARAMETER  IS  .0008  LESS  THAN  H LESS  THAN  .018.** 
522684D*LIN.  JAMES  C.  AND  ISHlMARU,  AK TR A*MULT I PLE  SCATTERING 
EFFECTS  ON  WAVE  PROP AG A T I ON  I N ISOTROPIC  SCATTER  I NG  MED  I A# 
CONTRACT  NO,  Fl9 (628 ) -69-6-0l23*NO  #*MaRCH  197l*AD-735 
?84*THE  MULTIPLE  SCATTERING  EFFECTS  OF  A WAVE  PROPAGATION 
IN  AN  ISOTROPICALLY  SCATTERING  RANDOM  DISTRIBUTION  OF  DIS- 
CRETE SCATTERERS  IS  CONSIDERED.  THE  INTEGRAL  EQUATIONS 
FOR  THE  COHERENT  FIELD  AND  AVERAGE  INTENSITY  ARE  SOLVED 
USING  FOURIER  TRANSFORM  TECHNIQUES-  AN  "INFLUENCE  FUNCTION" 
IS  OBTAINED  FOP  THE  AVERAGE  INTENSITY,  WHICH  CAN  BE  USED  AS 
THE  GREEN'S  FUNCTION  FOR  THE  SOLUTION  OF  AVERAGE  INTENSITY 
OF  ANY  GIVEN  SOURCE  RADIATION.  EXPLICIT  EXPRESSIONS  ARE 
GIVEN  FOR  PLANE,  SPHERICAL-  AND  BEAM  WAVES  SHOWING  THE 
DEPENDENCE  ON  VARIOUS  WAVE  AND  MEDIUM  PARAMETERS . *« 

13213] D^MCMILLEN,  R.W.;  GALLAGHER,  J.J.5  AND  COOK,  JR.,  0 . M.  * 
CALCULATIONS  OF  ANTENNA  TEMPERATURE,  HORIZONTAL  PATH  ATTEN- 
UATION, AND  ZENITH  ATTENUATION  DUE  TO  WATER  VAPOR  IN  THE 
FREQUENCY  BAND  150-700  GHZ*NO  #*IEEE  TRANSACTIONS  ON  MICRO- 
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A b A S U U K C fc  » AKt  UlVblN  HUK1AUNIAL  K a | m a N U I U 
PATH  LENGTH  ATTENUATION  ARE  ALSO  CALCULATED. 
CALCULATIONS  was  made  over  The  FREQUENCY  band 
USING  DATA  FROM  THE  24-WATER  ABSORPTION  LINES 


WAVE  THEORY  AND  TECHNIQUES*  VOL.  MTT-25,  NO.  6*  484-488* 

JUNE  1 9 7 7 * N 0 # » T H E RESULTS  OF  CALCULATION  OF  ANTENNAE 
TEMPERATURE  AT  ZENITH,  BOTH  WITH  AND  WITHOUT  THE  SUN  VIEWED 
AS  A SOURCE*  ARE  GIVEN  HORIZONTAL  PATH  AND  TOTAL  ZENITH 

--  EACH  OF  THESE 

150-700  GHZ, 

. BETWEEN  150 

AND  7000  GHZ . A LORENTZ I AN  LlNE'SHApE  FACTOR  F(V)  WAS  USED* 
WITH  THE  BARRETT  AND  CHUNG  LINE  WIDTH  PARAMETER."* 

14218] R*VlKTOROVE  , A. A.  AND  ZHEVEKIN,  S.A.*BAND  SPECTRUM  OF 
A DIMER  of  WATER  VAPOR*NO  ^"SOVIET  PHYS ICS-DOKLADY , VOL.  15* 
NO.  9,  8.36-839*MARfH  197l*N0  ^ * THE  BANn  SPECTRUM  OF  A DIMER 
IN  THIS  ARTICLE  IS  'TAKEN  TO  MEAN  THE  SPECTRUM  OF  A LINEAR 
MOnEl  OF  2 STABLE  H20  MOLECULES  RIGInLY  BOUNn  TOGETHER  BY 
A HYDROGEN  BAND.  A COS  I NU50 I rAL  APPROXIMATION  FOR  THE 
POTENTIAL  BARRIER  FOR  INTERNAL  ROTATION  WAS  USED,  EFFECTS 
OF  THE  H20-H20  DIMER  ARE  SEEN  IN  ITS  GREATEST  EXTENT  IN 
THE  FREQUENCY  REGION  LAMBDA-1  LT  7 CM-1.  THE  DIMER  ABSORP- 
TION COEFFICIENT  IS  GIVEN  AS  FUNCTION  OF  TEMPERATURE*  WAVE- 
LENGTH* DIPOLE  MOMENT  AND  ENERGY  LEVELS.** 

81 2181E*SP IRKO - V.;  STONE,  J-M.R.J  AND  PAPOUSEK,  Q.*VIBRA- 
TION-INVFRSION-ROTATION  SPECTRA  OF  AMMONIA:  CENTRIFUGAL 
DISTORTION*  CORIOLIS  INTERACTIONS  AND  FORCE  FIELD  IN  14NH3* 
15NH3,  14ND3,  AND  14NT3*N0  #*.JOURNAL  OF  MOLECULAR  SPECTRO- 
SCOPY, VOL.  60*  159-178*1976*N0  #*AN  EFFECTIVE  INVERSION- 
ROTATION  HAMILTORI AN  HAS  BEEN  DEVELOPED  FOR  N3  WHICH  AVOIDS 
THE  NECESSITY  OF  HAVING  TO  INCLUDE  HIGH  POWERS  OF  THE 
INVERSION  MOTION  COORDINATE  IN  THE  TAYLOR  EXPANSIONS  OF 
THE  POTENTIAL  ENERGY  AND  THE  INVERSE  MOMENT  OF  INERTIA 
TENSOR.  A LEAST  SQUARES  PROCEDURE  THAT  INCLUDES  ThE 
NUMERICAL  INTEGRATION  OF  THE  SCHROEO I NGER  WAVE  EQUATION 
HAS  BEEN  USED  TO  DETERMINE  THE  HARMONIC  FORCE  FIELD  AND 
THE  DOUBLE  MINIMUM  INVERSION'  POTENT  I AL  FUNCTION  FOR  14NH3, 

( 15 ) NH3  , AND  FOR  (14)ND3  AND  (14)NT3.** 

811111 D*CURRIES,  N.C.:  MARTIN,  E.E.;  AND  DYER,  F . B . »RADAR 
FOLIAGE  PENETRATION  MEASUREMENTS  AT  MILLIMETER  WAVELENGTH* 

NO  #*NO#*DEC  1975»AD-A023  838*A  SERIES  OF  RADAR  MEASUREMENTS 
ON  THE  PENETRATION  OF  FOLIAGE  HAVE  BEEN  MADE  AT  9-4.  16.2* 
35-  AND  95  GHZ.  MEASUREMENTS  WERE  MADE  FQR  BOTH  THE  1-WAY 
AND  2-WAY  CASES  AS  S I M I L AR  FOL 1 AGE  AREAS  FQR  COMPARISON. 

THE  BULK  OF  THE  MEASUREMENTS  WERE  MADE  AT  DEPRESSION  ANGLES 
BELOW  3 dEG.,  ALTHOUGH  A SET  OF  1-WAY  MEASUREMENTS  WERE 
MADE  FOR  7.4  AND  16.2  GHZ  FOR  A DEPRESSION  ANGLE  OF  29  DEG. 
ATTENUATION  PROPERTIES,  POLARIZATION  RATIOS,  AND  INCOHERENT 
SPECTRAL  AND  CORRELATION  PROPERTIES  WERE  INVESTIGATED  AS  A 
FUNCTION  OF  FREQUENCY*  POLARIZATION*  DEPTH  OF  FOLIAGE*  AND 

22?1818*M?n8.**J.W.  *RA  I N-ATTENUAT  ION  AND  SIDE-SCATTER  MEASURE- 
MENTS OF  MILLIMETER  WAVES  OVER  SHORT  PATHS*NO  #*ECOM 
REPORT  NO.  4 32  7* JUNE  1975*AD-A012  ]67*RESUlTS  OF  RAIN 
ATTENUATION  AND  SIDE  SCATTER  MEASUREMENTS  AT  MM  WAVELENGTHS 
ARE  PRESENTED  THAT  HAVE  BEEN  OBTAINED  WITH  A SHUTTLE  PULSE 
TECHNIQUE.  THIS  REQUIRES  A PATH  LENGTH  THROUGH  RAIN  OF 
ONLY  A FEW  METERS  SO  THAT  RAINFALL  RATE  AND  DROP  SIZE  DIS- 
TRIBUTION CAN  BE  CONSIDERED  UNIFORM  ALONG  THIS  PATH.** 
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2lir??5?DTKI.SME,ilPJI  AN’  d.*for  infrared  and  submillimeter 

SCATTERING.  II,  ATTENUATION  BY  CLOUDS  AND  RA  I N*COl\!TR  ATT  Mn 

^^-<620-C-0011»NO  »gFE|  1975|AO-A011  644*IN  THIS  SfJonD  P^f 
rrr2r tcSTHPY..9^  £AR  IR  AND  SUB  MM  ATMOSPHERIC  SCATTERING 
EJECTS#  WE  USE  THE  OPTICAL  CONSTANTS  SURVFYFD  In  THP  rlRST 
PART  ( D I ERMEND J I AN  1 974  - AD-787205  ) TO  ESTIMATE  FXtINCtTON 
gSiF?.,,9iey.^!„2^lR  THE  WAVELENGTH  RANGE  T2  UH  TO  2 0 cS. 


I§!A5?ii*IiE§Mlf  tST?58pc?45f  ■ 

0Fr*nLniE  R*T  ■ ® T?ONM/!nDRabS ORl^r  - - 

I ^ S8 1 Bp  ii“ ? iiigf  BJI. 

»9P.SR*EH  £‘I-UU!!  PLOTS  ALLOWING  f 


||J^£lWl^eLJ¥FoNGRA*fHlNCn^{fePoLSI§EL#^§W^,^?N 

I H fc  RANbE,^« 

^nr  Tur  M?$cDN^Pr  and  tigloar.  h.*on  spectroscopic  modeling 
BF  IHPcdtTE5  MOLEcUL^CONTRACT  NO.  F29601-74 A-0023-0002# 

NO  eS£r?I«i9Z&?AD”A°32  4 48  *Th I S REPORT  E X A M I NES  THE  U VA  L I D I T Y 
OF  SpEcTR°SC0piC  MODELING  TECHNIQUES  DESERTING  THE  ROTA- 
TIONAL STRUCTURE  OF  HIGH  LYING  ROTATIONAL  LFVELS  OF  LIGHT 
ASSYMETRIC  ROTATORS  SUCH  AS  WATER.  PRESENT ‘TECHNIQUES 
BASEn  ON  WATSON'S  ROTATIONAL  HAMILTONIAN  WFRE  FOUNDTO  3E 


BASEn  ON  WA 
Inadequate . 
2i7iH* I Shim 


* 


22§F  a 

92$5*n6"#*MARCH  i974oXD-782:b29*THE"pR6PA^ATT5N  CHARACTER- ^ 
ISTICS.  COHERENCE  TIME.  COHERENCE  BANDWIDTH  AND  PULSE  WAVE- 
£2DMu°£tA  wave  passing  through  a discrete  time  varying  ran- 
dom media  re  considered  here,  thfy  are  formulated  rased 
on  foldy-tw|rsl|y  theory.  using  Tts  first  order  solution, 
explicit  expressions  apply  to  the  cases  of  small  trans- 
mi tting  bandwi dths  an/or  short  propagation  Distances. 

NUMERICAL  CALCULATIONS  ARE  made  FOR  MM  (40  AND  100  GHZ) 

PLANE  and  SPHERICAL  WAVES  PROPAGATED  THROUGH  RAIN. 

THE  RESULTS  SHOW  THAT  THE  COHERENCE  TIME  AND  THE  COHERENCE 
BANDWIDTH  ARE  QUITE  DEPENDENT  ON  f HE  TYPES  OF  TRANSMITTING 
AND  RECEIVING  CHARACTERISTICS.  WITHIN  10  MM  (HR  TO  100  MM/ 
HR)  PRECIPITATION,  A MM  PULSE  WAVE  SUFFERS  H F A V Y ATTENUATION 
DURING  THE  PATH,  BUT  THE  MAIM  PORTION  OF  THE ‘RECE I V I NG 
PULS Er ORM  IS  ESSENTIALLY  UNCHANGED. 

122131E*SADJ I AN,  H. ^ANALYTICAL  STUDY  OF  PASSIVE  TECHNIQUES  FOR 
MEASURING  ATMOSPHERI ^CONTRACT  NO.  N6 22 9- 7 7 -C - 0 0 58 » NO 
OCT  19 7 / »A  D- AO  45  717»CALCULATI0NS  ARE  PRESENTED  THAT  SHOW 
THE  DEGREE  OF  RECOVERY  OF  BOTH  ATMOSPHERIC  WATER  VAPOR  AND 
I»n?^Scr2RE  DISTRIBUTION  USING  PASSIVE  IR  AND  MICROWAVE 
RADIOMETRY  - ASSUMING  GROUND  BASED  RADIOMETERS.  A 
GRADIENT  TECHNIQUE  IS  USED  TQ  RECOVER  A TEMPERATURE  PRO- 
FILE WITH  2 INVERSIONS  AND  A WATER  VAPOR  PROFILE  WITH  5 IN- 
VERSIONS. THE  METHOD  IS  APPLICABLE  TO  DISTRIBUTIONS  TO 
2 KM.  CALCULATIONS  ARE  ALSO  PRESENTED  THAT  SHOW  THE 
EFFECT  OF  WATER  VAPOR  AND  TEMPERATURE  ON  RADIO  WAVE  PROPA- 
GATION AND  THE  EFFECT  OF  VISIBILITY  ON  THE  P A SS ! V E MF Th OpS . 
15  REFS.  AND  BIBLIOGRAPHY  ON  RADIOMETERS,  AND  MM  WAVE 
PROP AGAT ION,** 


DfifeEMu?Hc  f AND  WONG.  S.T.ttPROPAGATION  CHARACTERISTICS 
PULSE  WAVE  I N A DISCRETE  T I ME*CONTRAcT  NO.  F 19628- 74-C- 

9*  THE  PROPAGATION  CHARACTER- 
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B6148lF*AR0NS0N,  J.R.;  EMSHE  > A.G.;  AND  STRONG,  P,F.*THEORY 
OF  ABSORPTION  AND  SCATTERING  BY  LOSSY  DIELECTRIC  PARTICLES* 
CONTRACT  NO.  0 3 - 4 - 0 22- 1 2 1 *NO  #*JULY  1975*PB-246  965*THIS 
REPORTS  ON  A NEW  METHOD  OF  C ALrUL AT  I NG  THE  ABSORPTION  ANn 

Scattering  of  partihe-non  sphErical  ones,  applied  to  u 

INTERPRET  THE  IR  SPECTRA  OBTAINED  BY  MARINER  9.  THIS 
THEORY  IS  CAPABLE  OF  HANDLING  STATISTICAL  DISTRIBU- 
TIONS OF  PARTICLES  OF  DIFFERING  SHAPES.  PERHAPS 
THE  MOST  NOVEL  AND  IMPORTANT  CONCLUSION  OF  THIS  WORK  HAS 
BEEN  THE  CONCEPT  OF  ENHANCED  ABSORPTION  BY  EnGES  AND  SUR- 
FACE aSpheRities  on  particles,  the  present  work  is  an 
attempt  to  SHOW  that  THE  extra  ABSqR 


IN  THIS  WORK,  IS  BASEn  IN  THEORY,  9hI  UL  T I M a T^PURPOSSE  S I A 
TO  IMPROVE  EXISTING  THfORETIcAL  METHODS  FOR  TREATING  THE 
ABSORDTlON_AND  SCATTERING  PROPERTIES  OF  ARBITRARY  SHAPE.** 
N,  F,G.R.*MM  INVESTIGATIONS,  VOL.  2.  MM  WAVE 

PROJECT  MALLARD*CONTRACT 


2 11171H* WARREN 


PROPAGATION  AND  ITS  PREDICTIONS,  PROJECT  MALLARD* 

NO  PG  72?001-1*N0  A* JAN  1969*AD“857  433*IN  THIS  VOLUME  A 
SURVEY  IS  MADE  OF  AVAILABLE  INFORMATION  ON  THE  PROPAGATION 
OF  CM  AND  MM  WAVES,  WITH  EMPHASIS  ON  APPLICATION  FOR  SHORT 
ALL  WEATHER  LINKS.  FACTORS  AFFECTING  PROPAGATION  ARE 
REVIEWED  INCLUDING  INTERFERENCE  AND  DIFFRACTION  EFFECTS, 
ATMOSPHERIC  ABSORPTION,  DUSTING,  ATMOSPHERIC  SCIN- 
TILLATIONS, AND  THE  EFFECT  OF  PRECIPITATION.  THIS  LATTER 
SUBJECT  IS  TREATED  IN  GREAT  DETAIL  INCLUDING  TECHNIQUES 
DESCRIBED  IN  THE  LITERATURE  FOR  PREDICTION  OF  THE  DISTRI- 
BUTION OF  OCCURRENCE  OF  GIVEN  ATTENUATION  LEVELS  DUF  TO 
PRECIPITATION.  PROCEDURES  Fqr  APPLYING  THIS  INFORMATION  TO 
THE  PREDICTION  OF  MEAN  SIGNAL  LEVEL  AND  EXPECTED  RANGE  OF 

signal  variations  are  described,  this  has  53  references, 

PLUS  A LARGE  BIBLIOGRAPHY  ON  ATMOSPHERIC  ATTENUATION  OF  MM 

and  cm  waves,  ca  1969.** 

3lU7lC*KEELTY,  J.M.  AND  WARREN,  F . G . R . *M I LL  I METER  INVESTIGA- 
TIONS . PRO JECT  MALLARD-  VOL.  I,  FINAL  REPORT ^CONTRACT  NO. 
PG727  0G1-1*NO  #*  JAN  1969* AD-857  432 » A SUMMARY  OF  THE  RESULTS 
AND  CONCLUSIONS  OF  THE  MALLARD  TECHNIQUE  SUPPORT  EFFORT 
STUDY  TD-4  ARE  GIVEN  IN  THIS  VOLUME  (#1).  THE  MATERIAL 
COVERED  IN  THE  OtHeR  FOUR  VOLUMES  IS  DESCRIBED  BRIEFLY. 

THE  PURPOSE  OF  THE  COMMUNICATION  LINK  WAS  TO  MEASURE  THE 
ERROR  RATES  IN  DIGITAL  TRANSMISSIONS  OVER  A 15  AND  35  GHZ 
CARRIER/LINK  AND  THEIR  CORRELATION  WITH  METEOROLOGICAL 
FACTORS.  SUBSTANTIAL  ATTENUATIONS  WERE  OBSERVED  WITH  WET 
SNOW.  BUT  LIMITED  OCCURRENCE  OF  RAINFALL  DURING  THB  OPERATING 
PERIOD.** 

141151C*LIN,  B.J.* ABSORPTION  IN  THE  SUBMILLIMETER  RANGE*NSG- 
7 4 - 6 0 * N 0 #*DEC  15-  1 965 * N66 - 1 6 7 0 4 * W A TE R VAPOR  ABSORPTION 
IS  THE  MOST  INTENSE  ABSORPTION  IN  THE  SUB  MM  REGION.  WITH  A 
NEW  SPECTROMETER,  THE  MICHELSON  TYPE  INTERFEROMETER,  INVESTI- 
GATIONS OF  ABSORPTION  CAN  BE  EXTENDED  TO  A LOWER  FREQUENCY 
RANGE  WITH  BETTER  RESOLUTION  AND  ACCURACY.  AN  EXPERIMENTAL 
SETUP  IS  DESCRIBED  WHICH  MEASURES  THE  WATER  VAPOR  ABSORPTION 
FROM  V = 10  CM - 1 TO  V = 200  CM-1  (.1  CM  = 1 MM  TO  .05  MM) 

AT  A PATHLENGTH  OF  200  FT  AND  PRESSURFS  OF  4.4  MM  HG  AND  1.1 
MM  HG.  THEORIES  OP  THE  WATER  VAPOR  ROTATIONAL  I INF  POSI- 
TIONS ARE  REVIEWED.  A NEWLY  CONSTRICTED  HIGH  TEMPERATURE 
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SUB  MM  SOURCE  IS  ALSO  DESCRIBED. ** 
723l3lF*CATOR,  WILLIAM  M . *ABSORPT I ON  AND 
8 -MM  REGION  BY  OZONE  IN  THE  UPPER  ATMO' 
(54)  AND  NSG-24  3-62*N0  #*MAY  i967»Aq-6I 
“ — ~ itr 


OF  SOLAR  RADIATION  AND  THE  EMISSION  OF  THE  ATMO 


EMISSION  IN 
PHERE*NONR- 
2-575*TH£  A 
TH 


THE 

22 

SORPTION 

phere 


(EFFECTIVE  SKY  TEMPERATURE)  WERE  MEASURED  AT  ROTATIONAL 
LINES  OF  OZONE  AT  30,  056,  MhZ , 36,  025  MHZ,  AND  37.  83O 
MHZ.  THE  MEASUREMENTS  WERE  MADE  POSSIBLE  BY  THE  SPECIAL 

development  of  a frequency  Switching  radiometer  and  a 

GAIN  COMPENSATION  TECHNIQUE.  THE  CONTRIBUTIONS  OF  OZONE 
TO  ATMOSPHERIC  ABSORPTION  ANq  EMISSION  ARE  EVALUATED  FROM 

the  solution  of  the  radiative  transfer  equation  on  th 


BASIS  OF  A LINE  WIDTH  FUNCTION  OF  TEMPERATURE  AN] 


AND  THi_ARPC-j957 


ID 

IT  ANDARjq  ATMOSPHERE;  THE  CQNTB  J ! 


PRESSURE 
UTION  OF 
THEORIES 


THE  WATER  VAPOR' AND  OXYGEN  ARE  DETERMINED  FROM  TH* 

OF  BARRETT  AND  CHUNG  FOR  H20  AND  MEEKS  FOR  02.  ** 

132181C*HALL  . JAMES  T . *A TTENUA  T I ON  OF  MILLIMETER  WAVELENGTH 

RADIATION  OF  GASEOUS  WATER*NO  # *EcOM -5097 « J A N 1967*AD-650  8l2* 
THIS  IS  A THEORETICAL  cOMPUT AT  ION ' FOR  ABSORPTION  BY  WATER 

vapor  by  mm  and  sub  mm  waves  for  given  water  vapor  densities, 
pressures,  and  TEMPERATURES.  the  rigid  assymetrical  TOP 
rotor  approximation  for  all  angular  momentum  quantum  NUMBERS 

J LT  OR  = 12  IS  USED  WITH  THE  ZHER  AKL I N-NAIJM I R LINE  SHAPE 
and  i/2  width  calculated  by  andersons  theory,  an  equation 

IS  GIVEN  FOR  EXTRAPOLATING  ATTENuAtION  COEFFICIENTS  TO 


OTHER  THAN 

wavelength 


THOSE  F( 

coverage 


which 
4 CM- 


CAL- 
1 TO 


PRESSURES  and  temperatures 
CULATIONS  WERE  PERFORMED. 

100  CM-i:  26  REFERENCES . **  „ „ _ 

54H31E»CHaNG  , SHURMaN  AND  LESTER,  JAMES  D , * ATMOSPHER  l C 

ATTENUATION  MEASUREMENTS  AT  600  GHZ*NO  #*FRANKFpRD  ARSENAL 
MEMO  REPORT  67-4-l*AUG  1966*AD-644  5 87 * A TMOSPHER I C 
ABSORPTION  IN  THE  600  GHZ  REGION  HAS  BEEN  MEASURED  THROUGH 
THE  ACTUAL  BY  MEANS  OF  A DICKE  TYPE  SUPERHETERODYNE  AUDIO- 
METER RECEIVER  USING  RECORD  HARMONIC  MIXING.  THE  AVERAGE 


MEASURED  VALUE 
34  QB/KM/G/M3 


APPROXIMATELY 
ABSORPTION  WITH 


OF  HORIZONTAL  ATTENUATION  WAS 
DB/KM/G/M3.  THE  VARIATION  OF  WATER  VAPOR  _ T 

RESPECT  TO  WAtER  VAPOR  DENSITY  WAS  ALSO  INDICATED  IN  THE 
measured  results,  the  minimum  DETECTABLE  TEMPERATURE  ^ 
IFFERENCE  (DELTA  T)  MIN  WAS  OBTAINED  BY  CALCULATING  T He 

irrcn.  A ■-  JION  AND  TRE  USE  OF  THE  CAL  I 3 R A — 

TER.  THE  BEST  VALUE  WAS 


Sms  VALue~OF“OUTP'ut  DEFlEj 
TION  CURVE  FOR  THE  RADIOMl 

C3l7317*STACEY,  J . -^ELECTRON  ICS  RESEARCH  PROGRAM.  RESEARCH  AND 
EXPERIMENTATION  ON  SPACE  APPLI CATIONS  OF  MILLIMETER  WAVES: 
REPORT  NO.  TDR-169 ( 3250-41 ) -l*CONTRACT  NO . AF  04 < 695 > -169* 

NO  #*21  MAY  l963*AD-609  594*THIS  IS  A PROGRESS  REPORT  IN 
THE  PLANNING  AND  DEVELOPMENT  OF  A 3.2  MM  WAVELENGTH  OBSERVA- 
TORY. A DESCRIPTION  OF  THE  INSTRUMENTATION  IS  GIVEN  AND 
OBSERVATIONAL  GOALS  ARE  OUTLINED.** 

511731D*WULFSBERG,  K . N . *APP ARENT  SKY  TEMPERATURES  AT  MILLI- 
METER WAVE  FREQUENCIES:  AFCRL-64-570*NO  #*NO  #*JULY  1964* 

A - 6 0 5 813*MEASUREmEnTS  OF  APPARENT  SKY  TEMPERATURES  TAKEN 
OVER  A ONE-YEAR  PERIOD  AT  15.17  AND  33  GHZ  ARE  SUMMARIZED- 
SKY  TEMPERATURE  PROFILES  FOR  VARIOUS  METEOROLOGICAL  CON- 
DITIONS are  presented  as  WELL  AS  CURVES  showing  THE  PER- 
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centage  time  distribution  fop  various  zenith  angles,  such 

FACTORS  AS  ABSORPTION  AND  RADIATION  BY  OXYGEN  AND  WATER 
VAPOR,  EXTRAPOLATION  OF  THE  DATA  TO  OTHER  GEOGRAPHICAL  _ 
AREAS,  AND  THE  RELATION  BETWEEN  TOTAL  ATTENUATION  OF  THE 
ATMOSPHERE  ANn  SKY  TEMPERATURE  ARE  nlSCUSSED.,.  A nESCRIP- 
TION  OF  THE  RADIOMETFRS  AND  THE  CALIBRATION  TECHNIQUES  ARE 
I NCLUDED . ** 

62l  68in*SfHAY  # R . J . *M  I CROWAVE  PORTION  OF  THE  OXYGEN  LINES  RF- 
FRACTOMETER*CONTRACT  NO.  AF  19-6285- 165*ESD- TR -6 6- 65  * J UNE 
1 96  6 * A D - 6 3 5 0 4 8 » A MICROWAVE  SUBSYSTEM  WAS  INSTALLED  IN  THE 
'$  REFRACTOMETER  VANS  AS  AN  INTEGRAL  PART  OF  THE 


MITRE  CORP 
OXYGEN  LINE 


REFRACTOMETER  . 


IN  OPERATION,  TWO  COHERENT 

FREQUENCIES,  45  AND  90  GH7.»  ARE  TRANSMITTED  OVER  A 23  KM 

path,  an n the  change  in  differential  phase  shift  is  mea- 
sures AT jTHE  RECEIVER.  THIS  CHANGE  IS  AN  I NDUCT I ON  OF  THE 
REFRACTIVE  QUALITIES  of  THE  ATMOSPHERE  OVER  THE  PATH.  THIS 
EQUIPMENT  WAS  TESTED  AT  A FIELD  SITE  ON  THE  LAKE  WINNFPE- 
SAIJKFF,  NEW  HAMPSHIRE  REGION;  TEST  RESULTS  AND  RECOMMENDA- 
TIONS FOR  IMPROVING  SYSTEM  SENSITIVITY  AND  STABILITY  ARE 
G I VE  N . * * 

52 1 581 7*L0NG  > M . W . *SUB M I LL I METER  WAVES  AND  ASTROPHYSICS  AT 
QUEEN  MARY  COLLEGE* NO  #*ORNL -20- 66 * JUNE  l966*AD-485  456* 
THIS  REPORT  IS  ON  THE  RESEARCH  CAPABILITIES  OF  QUEEN  MARY 
COLLEGE,  A SCHOOL  OF  THE  UNIVERSITIES  OF  LONDON  IN  THE 
AREA  OF  SUB  MM  RESEARCH.  THEY  DISCUSS  THE  KINDS  OF  SUB  MM 
RESEARCH  GOING  ON  (CA  1965.)  AND  THE  INSTRUMENTATION  BEING 
USED . ** 

53H8iB*H0FFMAN  , L . A . AND  WINTROUB,  M . J . *PROP  AGAT  I ON  FACTORS 
AT  3.2  MILUMETERS*C0NTRACT  NO.  AF  0 4 ( 695  ) - 4 69 *NO  #» 

OCT  1965»AD-474  398*USING  A 15-FT  PREUSSON  PAROFOLIC 
ANTENNA  SYSTEM.  ABSORPTION  MEASUREMENTS  AT  3.2  MM  INDICATE 
THAT  THE  VAN  VLEcK-WE I SSKOPF  THEORY  FOR  COLLISION  BROADENED 
LINES  SATISFACTORILY  ACCOUNTS  FOR  THE  ABSORPTION  THROUGH 
THE  CLEAR  ATMOSPHERE,  IF  ONE  USES  THE  LINE  BREADTH  CON- 
STANTS FOR  02  AND  H20  EXPERIMENTALLY  nETERM I NED  AT  OTHER 
WAVELENGTHS.  THIN  LAYERS  OF  CLOUDS  AND  FOG  HAVE  A NEGLI- 
GIBLE EFFECT  ON  THE  PROPAGATION,  WHEREAS  THICK  CLOUDS  AND 
RAIN  CAN  CAUSE  APPRECIABLE  ATTENUATION. «» 

B31281A*H0FFR,  R.* REFLECTIONS  AND  EMISSION  PROPERTIES  OF 
NATURAL  AND  ARTIFICIAL  MATERIALS  AT  3 MM  WAVELENGTH  (IN 
GERMAN)*NO  #*BERN  UNIVERSITY,  CH - 3 0 0 0 - BERN* NO V 4,  1975»N76- 
10826*THE  THEORY  OF  SCATTERING  UNFOLDS  AND  THE  CONNECTION 
BETWEEN  EMISSION  AND  REFLECTIONS  IS  ABLE  TO  BE  WRITTEN 
EXPERIMENTALLY  IN  TERMS  OF  THE  REFLECTION  MEASUREMENT.  THE 
MEASURED  REFLECTION  COEFFICIENT  AT  3 MM  WAVELENGTH  WILL  BE 

given  as  a function  of  the  angle  of  incidence  for  water 


OIL  FILM,  ON  WATER,  STRETCHED  METAL 
BRICK,  SAND,  HUMUS,  FIR  WOOD,  SNOW.* 


PLATE,  SAND,  LOAM, 


212431F  *E|)I  SON,  ALLEN  RECALCULATED  CLOUD  CONTRIBUTION  TO  SKY 
TFMPERATURES  AT  MILLIMETER-WAVE  F*CONTRACT  no.  MIPR-R65- 
15-AMC-0091*NBS  REPORT  NO  9138*FEB  1966*AD-479  293*THE 
CONTRIBUTION  OF  WATER  AND  ICE  CLOUDS  TO  ZENITH  TEMPERATURES 
IN  THE  FREQUENCY  RANGE  FROM  10  TO  100  GHZ  IS  CALCULATED 
USING  REASONABLE  MODELS.  IT  IS  SHOWN  THAT  RADIATION  DUE  TO 
ABSORPTION  BY  WATFR  VAPOR  AND  CLOUD  DROPLETS  MAY  CON- 
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Icl?y,T1DcFR0^lTlP  0VER  100  DEG  K T0  THE  APPARENT  sky  TEM- 
PERATURE. scattering  from  CLOUD  QROPLEJS  is  of  negligible 


t CONSIDERED 
>RM  A R ( S I X I H POWErT 
[HE  DROPLET 


RAD  I U 

SCATTERING  cross 


^(SIXTH  POWER)  VARIA- 


CLOUD 
“ ' XP 
IS 


IMPORTANCE  OVER  THE  FREQUENCY  RANG! 
droplet  SIZE  DISTRIBUTION  OF  THE  F( 

(-BR)  is  USED  IN  THE  calculations. 

CRITICAL  BECAUSE  of  THE  R(CUBE)  and 
TION  RESPECTIVE  IN  THE  ABSORPTION  AND 
SECT  I ONS . ** 

62?38iF*VAN  VLECK,  J.H.  AND  HUBER,  D . L . *ABSORPT  I ON  , EMISSION 
AND  _ L I NE  BREADTHS;  A SEM I -H I S TOR  I C AL  PERSPE£T|VE*NQ  #* 


REVIEWS  OF  MODERN  PHYSICS,  VOL.  49,  NO.  4,  939-959*0CT  1977* 


no  #*the  development  of  the  theory  . 

ELECTROMAGNETIC  RADIATION  WITH  ATOM! 


LIN 

EMI 


:d.  A FUL 
IS  I ON  is  F 


LY  CLASSICAL 
ORMULATED  IN 


F THE  INtf 

and  molec 


Raction 
ULES  IS 


or 

OUT- 


ANAI  YSIS  OF  ABSORPTION  AND 

_ _ ... ...  WHICH  PARTICULAR  ATTENTION  IS 

PAID  TO  QUESTIONS  OF  DETAILED  BALANCE  AND  TO  THE  SUM  RULES 
OBEYED  By  THE  SUSCEPTIBILITY.  COLLISION  BROADENING  IS 
jNTROgUCEp^THRpUGHJlME-DEPENDENJ^pIPOLE.MgMENTCQRRELA- 

ANALYSlSb 
WITH  THE 
PONDENCE  PRIN 
ANd  QUANTUM  M 


DgELS  ARE  GIVEN.  the  CORRESPONDING  quantum  MECHANICAL 


ommon 


IS  PRESENTED  WITH  EMPHASIS  ON  THE  POINTS  IN 
CLASSICAL  APPROACH.  THE  IMPORTANCE  OF  CORRES- 

IPLES  IN  BRIDGING  THE  GAP  BETWEEN  CLASSICAL 
nr  h7  p”  Anri"  .i  h-CHANICAL  THEORIES  IS  STRESSEp.** 
B12583C5OPPENHEI M,.  IRWIN;  SHEELER,  KURT  E.  AND  WEIS.  GEORGE 

'ROCESSE! 


H . «STOCH AST  I C THEORY  OF  MULTISTATE  RELAXATION  PROCESSES* 

NO  #*ADVANCED  MOL.  RELAXATION  PROCESSES,  VOl . 1,  13-68* 
1967-68*N0t#*THE  AUTHORS  PRESENT  HERE  A BRIEF  ANp  SELECTED 
REVIEW  OF  THE  STOCHASTIC  THEORY  OF  MULTISTATE  RELAXATION 
PROCESSES.  TITLES  IN  THIS  PAPER  ARE  MaRKOV  PROCESSES, 
DERIVATION  OF  THE  MASTER  EQUATION,  GENERAL  PROPERTIES  OF 
THE  MASTER  EQUATION,  THE  FOKKER  PLANCK  EQUATION,  FIRST 
PASSAGE  TIME  PROBLEMS,  AND  SELECTED  APPLICATIONS  --  HAR- 
MONIC OSCILLATOR  RELAXATION  IN  A HEAT  BATH.  RELAXTION  OF 
TWO  INTERACTING  SYSTEMS  OF  HARMONIC  OSCILLATION,  RELAXA- 
TION OF  RALEIGH  AND  LORENTZ  GAS.** 

9325818*SMYTH,  CHARLES  P . *D  I ELECTR I C RELAXATION  BY  INTRAMOLE- 
CULAR MECHANI SMS*NO  #*ADVAN . MOL.  RELAXATION  PROCESSES, 

VOL.  1,  1-11*1967-68*N0  #*THIS  IS  A DISCUSSION  OF  EFFECTS 
OF  INTERNAL  FIELDS  IN  A DIELECTRIC,  AND  THE  RELATIONSHIP 
BETWEEN  INTER  AND  INTRA  MOLECULAR  MOTIONS  AND  THEIR  CORRES- 
PONDING RELAXATION  TIMES.  SOME  DATA  IS  DISCUSSED  ABOUT 
MM  WAVE  ABSORPTION  HYDROCARBONS  - H-HEPTANE.  CYCLOHFXANE , 
BENZENE,  AND  CCL4.»* 

B12584K*MEI XNER . J . *CONS I STENCY  OF  THE  ONSAGER- CAS  I M I P RECI- 
PROCAL RELATIONS*NO  #*ADVAN.  MOL.  RELAXATION  PROCESSES, 

VOL.  5,  319-333 *1973*N0  #*THIS  IS  A THEORETICAL  DISCUSSION 
ON  THE  CONSISTENCY  (AND  VALIDITY)  OF  THE  ONS AGER-CAS I M I R 
RECIPROCAL  RELATIONS.  tHe$E  RELATIONSHIPS  - FOR  DIELECTRIC 
PHENOMENA,  REL A TE  COMPONENTS  OF  A DIELECTRIC  STRFSS  TENSOR 
TO  EACH  OTHER  IN  EIG  - HERM I T I AN  CONGUGATE  OF  (EJI  . IN 
A GENERAL  SENSE,  THE  ONSAGER  RECIPROCAL  RELATIONS  FORM  A 
LINE  FOR  THE  ENTIRE  DISCIPLINE  OF  MACROSCOPIC  IRREVERSIBLE 
THERMODYNAMICS.** 

B12585C*MEIXNER,  J.*NEW  THERMODYNAMIC  THEORY  OF  RELAXATION 
PHENOMENA*NO  #*ADVAN.  MOL.  RELAXATION  PROCESSES-  VOL.  3, 
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££7:2k32m197£*NM*THIS  is  a general,  theoretical  discussion 

ON  A NEW  LOOK  AT  RELAXATION  PROCESSES.  WHICH  EXIST  IN 
MATERIAL  MEDIA  AS  ACOUSTIC,  elastic,  dielectric,  MAG- 
NETOACOUSTIC  ETC.  PHENOMENA.  all  0^  THESE  are  "EFFECTS" 

WHICH  OCCUR  AS  A RESULT  OF  AN  EXTERNAL  FIELD  ON  A MED  I A , 

whether  IT  IS  A strain,  electric,  magnetic ..  .ETC . THE s^ 

i^oE^nMnrPLL9^"  TUE  CAUSES  IN  THE  CONSTITUTIVE  EQUATIONS; 

FOR  EXAMPLE,  IN  THE  CASE  OF  A DIELECTRIC,  THE  DlSHLACEMENt 

WITH  E(IW>  THE  COMPLEX  DIELECTRIC 
"CONSTANT"  AND.E(W)  THE . QAUS AT  I VE  FIELD. *• 

C417A27*GALLAGHER,  J.J.;  STRAUCH,  R.G.;  CUPP,  R . E . *EXC ITATI ON 
AND  DETECTION  TECHNIQUES  FOR  MM  WAVES*0R3821*MARCH  1964 
*AD434001*THE  OBJECT  OF  THIS  CONTRACT  IS  TO  INVESTIGATE  THE 
EXCITATION  AND  DETECTION  TECHNIQUES  FOR  MOLECULAR  MM  WAVE 
TRANSITIONS  WHICH  CAN  BE  USED  TO  DEVELOP  A FREQUENCY  STANDARD 
OPERATING  IN  THE  REGION  OF  1 MM.  DURING  THE  PAST  QUARTER, 

H2S  ELECTRIC  RESONANCE  HAS  BEEN  OBSERVED** 

D2i7AlC*N0  NAME*MM  WAVE  AMPLIFICATION  BY  RESONANCE 

SATURATION  IN  G A SES » CONT R A CT  NO-  AF  3 0 ( 6 0 2 ) 2 74 4*R A DC-T DR - 
^:562»M4r  196  4*  AD -4  34  764  »THE  POWER  SATURATED  RESONANCE 
ABSORPTION  OF  A GAS  (HcN)  HAS  BEEN  USED  TO  ACHIEVE  MM  WAVE 
AMPUFIcATION.  EXPERIMENTS  WERE  CONDUCTED  Al  ROOM  TEMPERA- 
TURE IN  BOTH  A TRAVELING  WAVE  SYSTEM  AND  IN  A RESONANT 
CAVITY.  THE  RESULTS  ARE  IN  GOOD  AGREEMENT  WITH  THEORY. 

A GAIN  OF  20  DB  WAS  OBTAINED  WITH  A 6-INcH  LONG  BY  3/4-INCH 

so?°fHl  Rl?  iSnlfM?.!!’  “HICH  w#s  SEr  B¥  T°6 

C 13 175C  »GREEN , AGUSTUS  H.*MM  TECHNIQUE  EVALUATION  OF  GUIDANCE 
DATA  ATTENUATION  RY  EXHAUST  PLIJMESsNO  #*RE- TR-63-31  , REVISED* 
26  MAR  1964*AD-435  539»THIS  ARTICLE  DESCRIBES  THE  INSTRU- 
MENTATION to  measure  the  mm  wave  Transmission  IN  The 

PLASMA/EXHAUST  OF  ROCKET  MOTORS  AT  76  GH7  AND  10  GHZ, 

theory  leading  up  to  the  pl.asma  absorption  equations  are 
9^XEL9tc^’  RESONANCE  FREQUENCIES  DEFINED.  BY  MEASURING 

THE  ATTENUATION  CONSTANT  AND  THE  PH  A st  CONSTANT  AS  SELECTED 
FREQUENCIES,  THE  COLLISION  FREQUENCY  AND  THE  ELECTRON  ° 

density  may  be  determined,  any  of  these  results  indicates 
which  types  of  propellants  render  good  propagation  chaRac- 

T fcR l S T I * ** 

921581K*CR0SSLEY.  J.» DIELECTRIC  RELAXATION  AND  I N TERMOLECUL AR 
ROTATION  IN  ALIPHATIC  KETONEs*NO  !t*C  ANAD I AN  J . ChEmT  , VOL 
51.  25  1-2675*1973*N0  #,“CROSSLEY  MEASURES  THE  DIELECTRIC^’ 

constants  of  aliphatic  and  aromatic  kelones  in 

F.^2l*PcE^y9,'1ny;HE?ARECA^E’  gecalin  and  PARAFFIN  OIL-CYCLO- 
HEXANE  MIXTURES  AT  25  DEG  C IN  THE  FREQUENCV  RANGE  1-145 
GHZ.  THE  RESULTS  WERE  ANALYZED  IN  TERMS  OF  COLE-COLE  PLOTS 
THE  RELAXATIONTIMES  AND  THE  I RV I COS  I TY  DEPENDENCE  WFRE  Oe ALT 
WITH  IN  TERMS  OF  INTERMOLECULAR  AND  WHOLE  MOLECULAR  RO- 
, TATIONAL  MECHANISMS . ** 

321151C*GLUSHNER,  V.G.;  SLUTSHER.  B.D.;  AND  FI RKELSTEL YN » M I * 
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MEASUREMENT 

band  IN  sea  in ..  „ . .....  ...  w.  . . . 

TEN.  VOL.  19(1976),  NO.  9,  1305- 1 3 0 7 ( USSR ) *9  DEC  19Z6#AD.. 
B019-605L  (FSIC  1068-76 ) #TH  jS  REPORT  ON  TyE  ME  A§ 


OF  THE  ATTENUATION  OF 

ice.and  fresh  water  I 


RADIO  WAVES  IN  THE  8 MM 
E _ AND  SNOW*NQ_#*RADIO  F I Z I 


HROUGfl  SEA  Ic 
8 GHZ)  . THE  "TWO 
THE  ATTENUATION. 


IT 

:R 


UREME 
FRESh  WAT 
THICKNESS" 
FOR  sea  ICE 

the 


OF 


ATTENUATION  of  radio  waves 
ICE,  AND  SNOW  AT  8.2  MM  (36, 

METHOD  WAS  used  to  evaluate 

WITH  SALINITY  2.4  PERCENT,  TEMPERATURE  -22.4  DEG  0, 
ATTENUATION  WAS  111-150  DB/METER.  FOR  FRESH  WATER  IcE,  THE 
ATTENUATION  WAS  13  DB/METER.  FOR  SNOW.  OF  DENSITY  .21- 
.32  GM/CM3 . IT  WAS  3l  TO  37  DB/METER. #» 

224111  I *RI CHARD,  VICTOR  W.  AND  KAMMERER,  JOHN  E.#RAIN  BACK- 
SCATTER  MEASUREMENTS  AND  THEORY  AT  MILLIMETER  WAVELENGTHS# 

NO  ##US  ARMY  BALLISTICS  RESEARCH  LAB.,  ABERDEEN  PROVING 
GROUND.  MD  21005  ( BRL -1838 ) #OCT  1975*AD-B003  173L#AN  EXPERI- 
MENT WAS  PERFORMED  TO  MEASURE  THE  PROPERTIES  OF  RAIN  BACK- 
SCATTER  BETWEEN  0 ANn  100  GHZ  OVER  A RANGE  OF  RAIN  INTENSI- 
TIES FROM  DRIZZLES  UP  TO  100  MM/HR.  RAIN  BACKSCATTFR  AMPLI- 
TUDE AND  FLUCTUATION  MEASUREMENTS  WERE  MADE  SIMULTANEOUSLY 
AT  10,  35,  70,  AND  95  GHZ  WITH  PULSE  RADARS  FOR  BOTH  LINEAR 
AND  CIRCULAR  POLARIZATION  ALONG  WITH  RAINFALL  RATE  AND  DROP- 

SIZE  measurements,  the  measured  RAIN  backscatter  vs  rainfall 

RATE  DATA  ARE  COMPARED  WITH  VARIOUS  THEORIES,  INCLUDING 
SOVIET  AUTHORS.  A BIBLIOGRAPHY  IS  INCLUDED.  RESULTS: 

1)  REDUCTION  IN  RANGE  BY  RAIN  BACKSCATTER  IS  SEVERE  AT 
35  GHZ.  COMPARED  WITH  BOTH  HIGHER  AND  LOWER  FREQUENCIES. 

2)  THERE  IS  A DECREASE  IN  RAIN  BACKSCATTER  AT  20  GHZ. 

3)  A RADAR  OF  A GIVEN  DISK  SIZE  CAN  SEE  BETTER  AT  95  GHZ 
THAN  AT  20  OR  35  GHZ.  HAS  GOOD  RAIN  CELL  STATISTICS.## 

2l3l7lB*ROGERS,  R . R . #ST AT  I ST  I CAL  RAINSTORM  MODELS:  THEIR 

THEORETICAL  AND  PHYSICAL  FOUNDAT I ONS#NO  ## I EEE  TR ANS . ANTENNA 
AND  PROP.  AP.  . . .547-566# JULY  1976#N0  ##FR0M  PROPAGATION 
EXPERIMENTS  AND  STUDIES  OF  THE  FINE  RULE  STRUCTURE  OF  RAIN, 
DATA  ARE  BECOMING  AVAILABLE  IN  THE  HORIZONTAL  EXTENT  OF 
HEAVY  RAIN  AREAS  AND  THE  WAY  THIS  STRUCTURE  INFLUENCES 
SYSTEM  PERFORMANCES.  THESE  DATA  ARE  USED  TO  FORMULATE 
STATISTICAL  RAINFORM  MODELS  THAT  PERMIT  PREDICTION  OF  THE 
PERFORMANCE  OF  SINGLE  PATH  AND  PATH  D I VE RS I T Y SYSTEM.  THE 
CURRENT  STATUS  OF  RAIN  CELL  MODELS  IS  REVIEWED  AND  SUGGES- 
TIONS FOR  FUTURE  RESEARCH  ARE  OFFERED.## 

2131728#CRANE.  ROBERT  K . * AT TENUAT I ON  DUE  TO  RAIN,  A MINI- 
RE V I EW#NO  ## I EEE  TRANS.  ANTENNAS  AND  PROPAGATION  AP-23, 

NO.  4SEPT  1975*N0  ##THIS  IS  A BRIEF  REVIEW  PAPER  ON  RAIN- 


REVIEW  PROGRESS  ON  THE  DE> 

A THEORY  OF  RAIN-CAUSED 

T AT  I ST  I CAL  MODELS  REQUIRED 


;d 


)STL  Y 


MO! 

A TURE . ## 


CAUSED  ATTENUATION,  THE  PAPER 
VELOPMENT  AND  VERIFICATION  OF 

ATTENUATION,  AND  CONSIDERS  TH_  

TO  PREDICT  ATTENUATION.  15-35  5HZ  DATA  CONSIDER! 

BUT  HAS  REVIEW  OF  MM  AND  SUB  MM  PROPAGATION  LITE* 
9411816*CHANTRY . G.W.;  GEBBIE,  H.A.;  LASSIER,  B.J  AND 
SYLL I E , G.»SUB  MM  WAVE  SPECTRUM  OF  NON  POLAR  LIQUID  AND 
CRYSTAL?NO_##NATURE,  VOLi_244,  163-165#APR I L 8,  1967#N0 
THISR 

(SOLID)  AND'AT  300  DEG  K (LIQUID) 

BETWEEN  20  CM-1  AND  100  CM-1.#* 

842761D#ANDREEV » B.A.;  BURENIN,  A -V 


## 


PORTS  ON  THE  ABSORPTION  SPECTRUM  OF  CCL4  AT  130  DEG 
FOR  MM  WAVELENGTHS 

KARYAKIN,  E-N. ; 
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KURPNOV  » A.F.;  AND  SHAPIN,  S . M . *SU8M I LL I METER  WAVE  SPECTRUM 
AND  MOLECULAR  CONSTANTS  OF  N?0*N0  #*J0URNAL  OF  MOLECULAR 
SPECTROSCOPY  , VOL.  62,  125-148*1976*N0  A*  THE  SUB  MM  WAVE 

■“  “ ' " \t  HAS  BEEN  INVESTIGATED  INThE  375 


SPECTRUM  OF  THE  N20  MOLECULE  HAS 
565  GHZ  FREQUENCY  RANGE  WITH  A SE 
10-8  CM-l.  THE  MEASURED  FREqUENC 


SETTER  THAN 
161  LINES 


SENSITIVITY 

. _ . _ . _ __  _ JNCIES  INCLUDE  

WITH  INTENSITIES  GAMMA  GE  10-6  CM-l  BELONGING  TO  22  SPECTRO- 
NOMICALLY  DIFFERENT  SPECIES  OF  THE  MOLECULE  ) SPEC  IF  I CALLY , 

the  Ground  and  some  excited  vibrational  states  of  the  Five 

MOST  ABUNDANT  ISOTOPIC  SPECIES  OF  THE  MOLECULE  IN  NATURAL 
ABUNDANCE ) W I TH  A STATISTICAL  AND  SYSTEMATIC  ERROR  OF  THE 
ORnER  OF  MAGNlTUnE  10-8.** 

862781 A«BILL INGSLEY,  FRANK  P.  I I . *CALCUL ATEp  VIBRATION- 
ROTATION  INTENSITIES  FOR  NO ( X 2 1 I ) «NO  #*JOURNAL  OF  MOLE- 
CULaR  SPECTROSCOPY,  VOL.  61.  53 -7 0 *1 9 76 *N0  #*TH£  ABSOLUTE 
INTENSITIES  OF  THE  VIBRATIONAL  ROTATION  TRANSITION  IN  THE 
GROUND  STATE  OF  NO  HAVE  BEEN  CALCULATED  FOR  VIBRATION  LEVELS 
UP  TO  V = 20  AND  TOTAL  ANGULAR  MOMENTUM  STATES  UP  TO  J = 
35.5.  THE  TREATMENT  FULLY  PROVIDES  FOR  VIBRATION-ROTATION 
COUPLING  AND  SPIN  UNCOUPLING  EFFECTS,  ANn  EMPLOYS  AN 
ACCURATE  THEORETICAL  REPRESENTATION  OF  THE  ELECTRONIC  DIPOLE 
MOMENT  FUNCTION  FO  NO.** 

D417A1A*PLANT»  T.K.;  NEWMAN,  L . A.;  DANIELEWICZ,  E.J.J  DETEMPLE, 
T.A.;  AND  COLEMAN,  P.D.*HIGH  POWER  OPTICALLY  PUMPED  FOR  IN- 
FRARED LASERS*NO  #* I EEE  TRANSACTIONS  ON  MICROWAVE  THEORY 
AND  TECHNIQUES,  VOL . MTT-22.  NO.  12,  988-990*DEC  1974*N0  #* 
THIS  ARTICLE  DESCRIBES  LASER  ACTION  IN  SEVERAL  GASES  OPTI- 
CALLY PUMPED  WITH  A C02  TRANSVERSELY  EXCITED  ATMOSPHERIC 
PRESSURE  (TEA)  LASER.  A MAXIMUM  OF  FIR  POWER  OF  300  KW  WAS 
OBSERVED  FROM  CH3F  AT  496  UM.  CHARACTERISTICS  OF  THE 
SYSTEM  AND  POSSIBILITIES  OF  SCALING  TO  HIGHER  POWERS  ARE 
DISCUSSED.** 

C21781A*M ICROWAVE  DEVICES  LABORATORY,  UNIVERSITY  OF  UTAH, 
QUARTERLY  REPORT,  JAN  1-  1963  TO  MAR  31,  1963*C0NTR ACT  NO. 

AF  64  (647  )-745*MDL-Q4*MAR  3l,  1963*AD-4l2  23Z*THE  BROAD 
PURPOSE  OF  THE  RESEARCH  ACTIVITY  REPORTED  HERE  IS  TO  EXTEND 
THE  USEFUL  FREQUENCY  SPECTRUM  INTO  THE  RANGE  FROM  UWAVE 
TO  OPTICAL  FREQUENCIES  AND  To  IMPROVE  EXISTING  DEVICES  AND 
TECHNIQUES  INTO  THE  UWAVE  SPECTRUM.  AT  PRESENT  THIS 
OBJECTIVE  IS  BEING  PURSUED:  STUDIES  OF  ELECTRON  BEAM  DEVICES 
SOLID  STATE  DEVICES,  AND  PLASMAS.  SOME  WORK  ON  X AND  K BAND 
TRANSMISSION  OF  ROCKET  PLUMES  WAS  REPORTED , * » 

B13581E*BERG«  DANIEL,  COMMITTEE  CHA I RMAN*D IGEST  OF  LITERATURE 
ON  DIELECTRICS.  VOL.  26,  1962*N0  #*PUBlT qA T I ON  1139. 

NATIONAL  ACADEMY  OF  SCIENCE,  LIBRARY  OF  CONGRESS  NO.  45- 
33864*A963*AD-424  943*THIS  IS  A DIGEST  OF  LITERATURE  ON 
DIELECTRICS  PUBLISHED  IN  1962.  CHAPTER  TITLES  OF  THIS 
REVIEW  WORK  ARE:  D INSTRUMENTATION  AND  MEASUREMENTS? 

2)  TABLES  OF  DIELECTRIC  CONSTANTS,  DIPOLE  MOMENTS  AND 
DIELECTRIC  RELAXATION  TIMES?  3)  MOLECULAR  AND  IONIC  INTER- 
ACTIONS IN  DIELECTRICS?  4 ) CONDUC T I ON  IN  SOLID  DIELECTRICS? 
5)  THE  BREAKDOWN  OF  DIELECTRICS?  6)  FERROELECTRIC  AND  PRE- 
ZOELECTRIC  MATERIALS?  7)  HIGH  POLYMERIC  MATERIALS?  8)  IN- 
SULATING FILMS  AND  FIBROUS  MATERIALS;  9) 

AND  APPLICATIONS?  10)  INORGANIC  I NS  UL  A T I 0 I 


INSULATING  LIQUIDS 
IN?  11)  APPLICA- 
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#PROPAGA- 
W A TE  R 

:*ad-272:287*RE(|;EnT 


mea- 


tions;  publication  of  the  conference . ## 

1311 71 D#COATS,  G.T.;  BOND,  R.A.;  AND  TOLBERT,  C.W 
T I ON  MEASUREMENT  In  THF  VICINITY  OF  THE  183  GHz 
VAPOR  LASER*NO  #*REPORT  7-20#FEB  5 1962#Aq-2/2  2 
INVESTIGATION  of  atmospheric  water  vapor  absorption  A' 
FREQUENCIES  OF  172,  183.6,  AND  194  GHZ  HAVE  PRODUCED  VALUES 
OF  1,755  4.41  AND  .881  DB/KM  KEV  GM/M3  RESPECTIVELY. 

IT  WAS  FOUND  THAT  THE  VAN  VLEcK-WE ISSHOPF  EQUATION  PRE- 
DICTS THE  SAME  ATTENUATION  IF  IT  TS  ASSUMED  THAT  THE 
SURED  FREQUENCY  WAS  IN  ERROR  BY  3.7  GHZ.  UNDER  THIS 
ASSUMPTION,  A LINE  BREADTH  CONSTANT  OF  0,18  CM-1  IS  RE- 
QUIRED FOR  THE  183.6  WATER  VAPOR  LINE,  AND  THE  PEAK 
ABSORPTION  FOR  THIS  LINE  IS  CALCULATED  TO  BE  5,78  DB/KM 
PER  GM/M3  FOR  AN  ABSORPTION  FACTOR  OF  0. 02736.*# 
D317A1A*CHANG,  T . Y . #OPT I CALL Y PUMPED  SUBMI LL  IMETER-WAVE 
SOURCES#NO  #* I EEE  TRANSACTIONS  ON  MICROWAVE  THEORY  AND 
TECHNIQUES,  VOL.MTT-22,  NO.  12,  983-988*qEc  19?4*N0  ## 
OPTICAL  PUMPING  OF  POLAR  MOLECULES  BY  MEANS  OF  1R  LASERS 
IS  EXPECTED  TO  LEAn  TO  1000'S  OF  LASER  LINES  THROUGHOUT 
THE  SUB  MM  WAVE  SPECTRUM.  ALREADY,  282  NEW  LASER  LINES 
BETWEEN  34  UM  AND  1.814  MM  IN  18  DIFFERENT  MOLECULES  HAVE 
BEEN  REPORTED.  VERY  STABLE  CW  OPERATION,  VERY  HIGH  PULSED 
OUTPUT,  I I NEAR  POLARIZATION,  HIGH  GAIN,  AND  MANY  OTHER 
ADVANTAGES  OVER  DISCHARGE  EXCITATION  ARE  OFFERED.** 
9325829*WILLIAMS,  GRAHAM#CORRELAT I ON  FUNCTION  TREATMENTS  OF 
THE  DIELECTYRIC  RELAXATION  OF  MODEL  SYSTEMS  CAPABLE  OF 
CHEMICAL  RFLaXaTION*NO  ##ADVaN,  MOL.  RELAXATION  PROCESSES  » 
VOL . 1,  4Q9-42"*197Q*N0  #*THIS  IS  A THEORETICAL  TREATMENT 
OF  DlELErTRIc  RELAXATION  OF  A GENERAL  SYSTEM  IN  CHEMICAL 

equilibrium  --  involving  chemical  reactions,  the  specific 

MODELS  ANALYZED  BY  SCHWARTZ  FOR  OPPOSING  UNIMOLEcULAR 
REACTIONS,  AND  FOR  OPPOSING  BIMOLECULAR  REACTIONS  ARE 
TREATED  USING  THE  CORRELATION  FUNCTION  APPROACH.#* 


9315419#AFSAR.  M.N.  AND  CHANTRY,  C.W, 
MEASUREMENTS  OF  LOW  LOSS  MATERIALS 
LENGTHS*NO  #*IEEE  TRANS.  MICROWAVE 
JUNE  1977*N0  # #TRANSM I SS I ON  DISPER! 
SPECTROMETRY  (DFTS)  HAS  BEEN  USED  ‘ 


#PREC I SE  DIELECTRIC 
AT  MM  AND  SU§  MM  WAVER- 
MTT-25,  NO.  6* 

IVE  FOURIER  TRANSFORM 

OR  THE  measurements  OF 
complex  index  of  re- 

M AND  SUB  MM  WAVELENGTHS 
AND  TRANS  DECALIN  AND 


OTH  REAL  AND  IMAGINARY  PART  OF  TH[ 

R ACT  I ON  OF  LOW  LOSS  MATERIALS  AT 
THE  MATERIALS  INVESTIGATED  WERE  CIS 
POLYPROPYLENE. «* 

2416516*CHAMBERLAIN,  J.;  ZEFAR,  M.S.J  AND  HASTED,  J.B.#DIRECT 
MEASUREMENT  OF  REFRACTION  SPECTRUM  OF  LIQUID  WATER  AT 
SUBMILLIMETER  WAVELENGTHS*NO  #*NATURE  PHYSICAL  SCIENCE, 

VOL.  243,  116-1 17# JUNE  18,  1973#N0  #*A  MICHELSON  INTERFERO- 
METER IS  USED  TO  MEASURE  THE  COMPLEX  INDEX  OF  REFRACTION 
OF  LIQUID  WATER  FROM  .5  MM  TO  0.1  MM  IN  WAVELENGTHS.#* 
23218lC*SOKOLOV , A.V.  AND  SUKHQN I N , YE  . V . # A T TENU A T I ON  OF  SUB- 
MILLIMETER  RADIO  WAVES  IN  R A I N*NO  #*RADIO  ENGINEERING  AND 
ELECTRONIC  PHYSICS,  VOL-  15.  NO.  12-  2l67-2171*l970*NO  #* 


THE  RESULTS 
RADIO  WAVES 


COMPUTATIONS  A R I 
DATA  IN  THE  COM! 


OF  A THEORETICAL  COMPUTATION  OF  ATTENUAT I i 
IN  THE  0. 1-2.0.  MM  RANGE  ARE  PRESENTED;  TH( 


IN  OF 


MADE  TAKING 
’L EX  INDEX  OF 


ACCOUNT  OF  NEW  EXPERIMENTAL 
LIQUID  WATER  WITH  DROP  SIZE 
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DISTRIBUTIONS  GIVEN  By  BEST  AND  POLYAKOVA.  IT  IS  SHOWN 
THAT  THE  COMPUTATION  OF  ATTENUATION  IN  RAIN  WITH  ATTENUA- 
TJ,2N,!r.e§STTy^  l°o12  MM/HR,  BASED  ON  VIGOROUS  MIE  THEORY » 

are  in  satisfactory  agreement  with  the  Er 


iXPERIMENTAL  DATA 


AT  THE  WAVELENGTH  OF  0.96  MM.»* 

241181C»BABKIR.  YU.S.;  ZIMIN.  N. N . ; IZYAMOV#  A.O.;  ISKHAKOV# 


I. A.;  SOKOLOV,  A . V , 


AND  SHABELIA,  G.  YE. ^MEASUREMENTS  OF  At TENUat^N  IN  RAIN  OVER 
1 KM  PATH  AT  A WAVELENGTH  OF  0.96  MM*NO  #*RADIQ  ENGINEERING 
AND  ELECTRONIC  PHYSICS,  VOL.  15#  NO.  12#  2164-2166*1970* 

NO  #*THE  RESULTS  OF  AN  EXPERIMENTALSTUDY  OF  THE  ATTENUATION 
IN  RAIN  IN  SUMMER  THUNDERSTORM  ARE  PRESENTED  FOR  A WAVE- 
LENGTH OF  0.96  MM  OVER  A PATH  OF  1 KM  IN  LENGTH.  THE  APPA- 
RATUS AND  THE  PROCEDURE  OF  MEASUREMENTS  USED  IN  THE  STUDY 
ARE  DESCRIBED  BRIEFLY.  IT  IS  SHOWN  THAT  COMPARED  To  a 
WAVELENGTH  OF  8.6  MM  tHE  ATTFNUATION  AT  9.6  MM  IS  LARGER 
ROUGHLY  BY  A FACTOR  OF  2.5~3.** 

213171G*F  ANG  # D.J.  AND  HARRIS#  J,M.*A  NEW  METHOD  OF  ESTIMATING 
MICROWAVE  ATTENUATION  OVER  A SLANT  PROPAGATION  PATH  BASED 
ON  RAIN  GAUGE  DAT A*NO  #*IEEE  TRANSACTIONS  ON  ANTENNAS  AND 
PROPAGAT  ION«MAY  1976*N0  #*A  BASIC  PROBLEM  IN  ESTIMATING  THE 
UWAVE  ATTENUATION  OVER  A SATELLITE-EARTH  PROPAGATION  PATH 
ON  THE  BASIS  OF  RAIN  GAUGE  DATA  IS  THAT.  FOR  A GIVEN  PROPA- 
GATION EVENT,  THE  ATTENUATION  AND  THE  RAINFALL  RECORDS 
VERY  OFTEN  DO  NOT  HAVE  CONSISTENT  DETAILED  CORRELATION. 

SUCH  INCONSISTENCIES  CAN  BE  GREATLY  REDUCED  IP  THE  FALLING 
SPEED  OF  THE  RAINDROPS,  2-9  M/SEC  FOR  DROP  SI7ES  OF  0.05-.7 
CM  IS  TAKEN  INTO  ACCOUNT.  ADJUSTMENTS  IN  TIME  AND  DROP 
SIZE  SPECTRUM  ARE  NEEDED  FOR  DATA  COLLECTED  FROM  FIELD 
RAIN  GAUGES  TO  REALIZE  THE  ACTUAL  RAINFALL  ALONG  THE  SLANT 
PATH  FOR  CORRELATING  RAIN  GAUGE  DATA  WITH  MEASURED  SATELLITE 
SIGNALS.  DATA  IS  SPECIFICALLY  FOR  20  GHZ:  EXPERIMENT  DlS- 

„ CUSSED  IS  ATS-6,  20/30  GHZ  PROPAGATION  EXPERIMENT.** 

212111A*R0ZENBERG,  V.I.#RADAR  CHARACTERISTICS  OF  RAIN  IN  SUB- 
MILLIMETER  RANGE*NO  #*radio  engineering  and  electronic 
PHYSICS#  VOL.  15,  no.  12,  2l57-2l63*l970*NO  INEFFECTIVE 
ATTENUATION  and  BACKSCATTERI ng  cross  sections  of  PRECIPI- 
TATION are  INVESTIGATED  in  The  WAVELENGTH  RANGE  0.03  CM  TO 
10  CM.  THE  EFFECT  OF  THE  DROP  S^ZE  DISTRIBUTION  (MARSHALL 
PALMER),  DIELECTRIC  CONSTANT,  TEMPERATURE  AND  WAVELENGTH 
ON  THE  RIGOROUS  RESULTS  OF  RADAR  CHARACTERISTICS  OF  RAIN, 
DRIZZLE,  AND  RAIN  WITH  DRIZZLE  IS  INVESTIGATED.  A REVIEW 
OF  THE  PUBLICATION  IS  PRESENTED . ** 

221181C*MCC0RMICK#  G . C . *PROP AG AT  I ON  THROUGH  A PRECIPITATION 
MEDIUM:  THEORY  AND  MEASUREMENT *NO  #*IEEE  TRANSACTIONS  ON 
ANTENNAS  AND  PROPAGATION,  266-748*MARCH  1975,  ERRATA  S£PT 
1975,  P,  748*N0  #*THE  THEORY  OF  PROPAGATION  THROUGH  A PRE- 
CIPITATION medium  is  based  HERE  on  the  DIFFERENTIAL  propa- 
gating constant  and  two  additional  complex  constants,  the 

LATTER  REDUCE  TO  A SINGLE  REAL  PARAMETER,  "THE  CANTING  ANGLE," 
FOR  SOME  SIMPLE  MODELS,  FOR  EXAMPl  E#  FOR  A POPULATION  OF 
EQUI-ORIENTED  SYMMETRICAL  SCATTERERS.  IN  A UNIFORM  MEDIUM 
THE  CONSTANTS  ARE  CLOSELY  RELATED  TO  THE  ELEMENTS  OF  AN 

equivalent  permittivity  tensor,  it  is  shown  Thai  the 

PARAMETER  CAN  BE  DETERMINED  FROM  A SEQUENCE  OF  DEPOLARI- 
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RS 

H) 


„ ZATIONMEASUREMENTS.** 

212181H»PARIS,  JACK  F . «TRANSPER  OF  THERMAL  MICROWAVES  IN  THE 
ATMOSPHERE,  VOLS,  I AND  I i*no  #»TEXAS  ASM  university,  PHD 
THESIS'  DEPARTMENT  OF  METEOROLOGY,  GRANT  NO.  NGR-44-noi- 
099*MAY  l971»N0  #*THF  MIE  THEORY  IS  USFD  TO  DETERMINE  THE 
ABSORPTION  AND  SCATTERING  PROPERTIES  OF  LIQUID  HYDROM  “ “ 

AT  27MICR0wAVE  FREQUENCIES  FROM  500  MH  z (60  CM-WAVELE 
TO  60  GHZ  (5  MM-WAVELENGTH ) . BASED  ON  THE  MARSHALL- 
PALMER  D I STR  I BUT  I ON  OF  DROP  SIZE,  REGRESSION  EQUATIONS  ARE 
DEVELOPED  AS  A FUNCTION  OF  ITS  TEMPERATURE  AND  CONTENT  OF 
LIQUID  WATER.  MEASUREMENTS  OF  THE  DIELECTRIC  CONSTANT 
OF  WATER  AND  AQUEOUS  SODIUM  CHLORIDE  BY  LANE  AND  SAXTON  ARE 
USED  TO  FORM  REGRESSION  EQUATIONS  FOR  THE  DIELECTRIC  CON- 
S'TANT  OF  WATER  AS  A FUNCTION  OF  ITS  TEMPERATURE  AND  SALINITY 
THESE  EQUATIONS,  AND  THE  FRESNE  EQUATIONS  FOR  REFLECTION 
ARE  USED  TO  COMPUTE  THE  POLARIZED  COMPONENTS  OF  THE  THERMAL 
EMISSION  OF  SEA  WATER  FOR  A WInE  RANGE  OF  SEA  TEMPERATURE, 
SEA  SALINITY  MICROWAVE  FREQUENCIES,  AND  ANGLES  OF  VIEWING 

632761B»ZHELT0N0G,  K.S.  ANq  KOPELOVl£H,  L.YE.#ON  THE  POSSI 

BILITY  OF  INV ~ _ 

SPHERIC  aBSOR 


* 


:ST IGAT I NG  ?HE  ALTITUDE  PROFILE  OF  THE  ATMO 
’TION  COEFFICIENT  AT  A WAVELENGTH  OF  2.53 

mm  by  a Radiometric  method^no  #«radio  eng.  and  electronic 

PHYSICS,  110-112*AUG  21,  1976*N0  ##ON  THE  BASIC  OF  MODEL 
CALCULATION,  THIS  PAPER  DISCUSSFS  THE  POSSIBILITY  OF  OB- 
TAINING INFORMATION  ABOUT  THE  ALTITUnE  PROFILE  OF  GAMMA  AT 
2.543  MM  WAVELENGTH  (AN  OXYGEN  ABSORPTION  LINE)  BY  MEA- 
SURING THE  ALTITUDE  BEHAVIOR  OF  THE  DIFFERENCE  BETWEEN  THE 
ZENITH  BRIGHTNESS  TEMPERATURE  AND  THE  KINETIC  TEMPERATURE 

of  the  atmosphere. »» 

622l7i7*0TT,  RANDOLPH  AND  THOMPSON,  M . C . ^CHARACTER  I ST  I CS  OF 
A RADIO  LINK  IN  THE  55  TO  65  GHZ  RANGE *NO  #MEEE  TRANS. 
ANTENNAE  AND  PROP.,  873-877*N0V  1976*N0  #*THE  LONG-TERM 
VARIABILITY  (100'S  OF  SECONDS)  OF  THE  TRANSFER  FUNCTION  FOR 
A RADIO  LINK  IN  THE  55-65  GHZ  RANGE  IS  EXAMINED  BY  COMPUTING 
THE  DIPPERENTIAL  ATTENUATION  AND  DIFFERENTIAL  PHASE  WITH 
RESPECT  TO  CHANGES  IN  PRESSURE  AND  TEMPERA  T URE  . ** 

LILLEY,  A.E.#THE  MICROAVE  SPECTRUM  OF 
ATMOSPH£RE*NO  #*JOURNAL  OF  GEOPHYSICAL 
6,  168  ~ "* 


6231816*MEEKS,  M.L.  AN 
OXYGEN  IN  THE  EARTH 
RESEARCH, 

THIS  IS  A 
02  IN  THE 
REGION  AT 


VOL.  68,  NO. 

LONG  REVIEW  ARTICLE 

_ — ^ 


-1703»MARCH  15,  1963*N0  #* 

ON  THE  MICROWAVE  SPECTRUM  OF 
CA  1963.  PRINCIPLE  ABSORPTION 


EARTH’S  ATMOSPHER 

. 60  FHZ  . ** 

9211816«MICHIELSEN-EFFINGER,  J AN  I NE*M I CROAVE  SPECTRUM  OF  ETHYL 
AL COHOL°NO  #*JOURNAL  OF  MOLECULAR  SPECTROSCOPY,  VOL. 

“ 489-491*1970*NO  #»THIS  IS  A DISCUSSION  OF  EXPERIMENTAL 

,E  SOURCES  OF 

[length 


35, 

VERIFICATION  OF  THE  EXISTENCE  OF  TWO  STAB! 

ETHYL  ALCOHOL  BY  OBSERVATION  THE  8 MM  WA< 

REGION  WITH  A MICROWAVE  SPECTROMETER . 

6221816*WELCH,  WILLIAM  M.  AND  MIZUSHIMA,  MASAT AK A*MOLECULAR 
PARAMETERS  OF  THE  02  MOLECULE»NO  #*PHYSICAL  REVIEW  A,  VOL.  ! 
NO.  6,  2692-2'695*JUNE  l972*N0  #*BY  ANALYZING  ALL  EXISTING 
FREQUENCY  DATA  ON  THE  02  MOLECULE  IN  UWAVE,  SUB  MM  AND  I.R. 
SPECTROSCOPY,  A NEW  SET  OF  VALUES  FOR  MOLECULAR  PARAMETERS 
IS  OBTAINED. 

85H617*D0WLING,  JEROME  M.»THE  RO T A T I ON  - I N VERS  I ON  OF  SPECTRUM 
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nr  AMMONI a*no  #*JOURNAL  OF  MOLECULAR  SPECTROSCOPY,  VOL.  27, 
527-538* 1968«N0  #*THE  ROTATION-INVERSION  SPECTRUM  OF  NH 3 
HAS  BEEN  OBSERVE:'  in  the  WAVE  number  REGION  35  CM-1  AND 
240  rM-1  WITH  H RESOLUTION  CF  0 . 08  CH-i.  THE  K~SPLITTINg 
(nUE  PRIMARILY  TO  CENTRIFUGAL  DISTORTION)  IS  EXTENSIVE 
aN  n many  LINES  DUE  To  SINGLE  TranS  I T 1 0N5  ARE  OBSERVED.** 
®411618*HELMINGER,  pALL:  DELUCIA.  F.CaJ  AND  GORD  Y , WAITER* 
ROTATIONAL  spectra  of  Nw- 3 AN"  ND3  IN  ThE  0.5-mm  WAVELENGTH 
REGION*NO  # * JO  U R N A L OFMOLECULAR  SPECTROSCOPY,  VOL.  39,  94-97* 
1971*N0  «*FOD  ND3  the  t *q  INVERSION  COMPONENTS  OF  THE  J=L  , 2 
TRANSITIONS  OF  14NP3  AND  15NP3  AT  0.49  MM  WAVELENGTH  HAVE 
BEEN  MEASURED,  AND  FOR  NH3 . THE  j*0»l  TRANSITIONS  OF 
14NH3  AND  15NM3  AT  0.52  MM  HAVE  BFEN  MEASURED  WITH  HIGH 


S . M . *M illi meterwave  rotation  - INVERSION 


*35?8?iSPsio«S. 

TRANSITION  OF  14NH3  and  15NH3  IN  THE  V2-STatE»N0  #* 
JOURNAL  OF  MOLECULAR  SPECTROSCOPY , VOL.  4fl,  183-184*1973* 
NO  #*FROM  THE  ANALYSIS  OF  THE  LASER-STARK  SPECTRUM 


or  the  v2  fundamental  bani 

the  LOWER  INVERSION  OF  TH 


OF  ) 4 NH 3 , SHIMIZN  NOTICE! 
J=2.  K=1  rotational  stati 

. K = 1 SI  “ 


THAT 

AND 


THE  UPPER  INVERSION  LEVEL  OF  THE  J=l.  K=1  STATE  ARE  ACCI- 
DENTALLY CLOSE  IN  ENERGY  in  the  V?  STATE  and  PREDICTED  THE 
ENERGY  SPACING  OF  THE  TWO  LEVELS  TO  BE  134.7  TQ  .3  GHZ. 


in  this  letter, 
I T ION  ARE 


DIRECT  MM  WAVE  ORSERVATIONS  OF  THIS  TRANS- 
....  _ REPORTED  . ** 

B335818*VAUGHN.  WORTH  E.,  EDITOR  AND  JQHQRI,  GYON  P.,  ASSOC. 
ED.*DIGEST  OF  LITERATURE  ON  DIELECTRICS.  VOL-  37  FOR  1973* 

NO  #»rOMMlTTEF  ON  DIGEST  OF  LITERATURE  OF  THE  CONFERENCE 
ON  ELECTRICAL  INSULATION  AND  DIELECTRIC  PHENOMENA , NAT  I ONAL 
RESEARCH  COUNCIL.  NATIONAL  AcadEmy  OF  SClENCl$*l975*N0  $* 

THIS  DIGEST  IN  PARTICULAR  CONTAINS  A LOT  OF  REFERENCES  ON 
ABSORPTION  OF  MM  WAVES  IN  HYDROCARBON  COMPOUNDS  AND  IS  A 
GOOD  SOURCE  ON  "EXOTIC  GASES"  - COMBUSTION  PRODUCTS,  ETC.** 
B33582B»BUnENSTElN.  PAUL  P.»DlGEST  OF  LITERATURE  On  DIELECTRICS 
FOR  197?:  VOL . 36*N0  #«NATuRAl  ACADEMY  OF  SCIENCES,  WASH- 
INGTON. D.C.,  LIBRARY  OF  CONGRESS  NO.  4 5-3.3  86  4*19  74* 

NO  # 9 TH I S IS  A DIGEST/BIBLIOGRAPHY  ON  DIELECTRICS  PUBLISHED 
APPARENTLY  ANNUALLY  BY  THE  COMMITTEE  ON  DIGEST  OF  lITERATURE 
OF  THE  CONFERENCE  ON  ELECTRICAL  INSULATION  AND  DIELECTRIC 
PHENOMENA  DIVISION  OF  ENGINEERING,  NATIONAL  RESEARCH  COUNCIL, 
MUCH  MATERIAL.  THIS  SERIES  CONTAINS  REVIEWS  OF  THE  LITERA- 
TURE ON  DIELECTRIC  AND  DIELECTRIC  PHENOMENA  IN  SOLIDS,  LIQUID 
AND  GASES  OF  DIRECT  INTEREST  PLUS  THOSE  WORKING  IN  MM  WAVE 


AREA . * * 

B62581A*GEICK,  RE INHART* APPLICATION  OF  SUBMI LL I ME  TER  SPECTRO- 
SCOPY TO  MAGNETIC  EXClTATIONS*NO  #*IEFE  TRANSACTIONS  ON 
MICROWAVE  THEORY  AND  TECHNIQUES,  VOL.  MTT-25.  NO.  6,  500- 
505«JUNE  1 9 7 7 * N 0 #*THIS  ARTICLE  GIVES  A BRIEF  TREATMENT  OF 
FERRO-  AND  ANTI FERROMAGNETI C RESONANCE  ABSORPTION.  THE 
FREQUENCIES  ARE  MOSTLY  IN  THE  FAR  IR  SPECTRUM*  1,  2,  AND  3 
DIMENSIONAL  MAGNETIC  CRYSTALS  ARE  DISCUSSED,  RELATING  TO 
THEIR  EXCHANGE  INTERACTIONS.  SOME  OF  THE  "3-D"  CRYSTALS 
DISCUSSED  ARE  MNO,  NIC.  COO,  AND  SEVERAL  MN,  NI  AND  CO 
FLUORIDES.  39  REFS.  9« 

B615819*SM I TH,  DONALD  R.  AND  LOEWENSTE IN » ERNEST  V.*OPTICAL 
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THE  FAR  INFRARED 
4 , 859-861*APRIL 

pT- 

L 


ICAL  CONSTANTS  OF  F 

qx  i df , rutile*  in  c 
ox.  sintered),  and 


J).  THE 

WERE  MEASURED  AT 


REG  I ON«NO  #* 
1976»N0  U« 

~ OUR 

rystall ine 

. . _ YTTRIUM, 

optical  CONSTANTS 
300  DEG  K J THOSE 


CONSTANTS  OF  METAL  OXIDES  IN 

^^I?Sr0PT^C§'r,v°L.  15,  NO, 

THIS  ARTICLE  REPORTS  ON  THE  l 

metal  oxides;  these  are  nicklw  . 

FORM,  AND  ALUMINUM  OXIDE  (LUCALU 

thorium  oxide  cyttralox,  sintered 
for  Tucalox  and  YTTRALOX  I “ ' 

OF  NIO  AND  T 1 02  AT  1.5  DEG  K.*» 

86§2?§2*8^5A,§2PAk  C,*REFRACTIVE  INDEX  INTERPOLATION  IN 

PHASE-MATCH  I NG^NO  #*APPIIED  OPTICS,  VOL.  15,  NO.  2,  305-307» 
FEB  1976*N0  #*THIS  ARTICLE  GIVES  THE  SELLMEIER  COEFFICIENTS 

(IR)  MATERIALS:  COEFFICIENTS  A,B.C.D,E. 

OF  THE  EQUATION  N2  s A + B / < 1 - C/LAMBDA«*2)  + D/(i  - 

nRE  RIVEN  FOR  TEl ( 4 - 30  UM),  ALPHA  HGS(. 6-11.0 
UM).  CASE  (i. 01-12,  22.0  UM),  AG  GA  SZ(.4$  - 12.0  UM  ) , AND 

£2y?„Pl8E?„,T?8^RY  ti°S  kINE4R  crystals.  19  refs,  to 

ARTICLES  IN  INDEX  OF  REFRACTION  FOR  MATERIALS  IN  IR.** 

139Kin1iSfccir!MUnrR9L'1rFRED^InucNP  EPSTEIN,  EU  G E NE  * A T T EN  U A T I ON 
AND  EMISSION  OF  THE  ATMOSPHERE  AT  3-3  MM*NO  #*IEEE  AP-18, 

.^?wC4A^.85"28?*RuLy  197 0 «NO  #*FOUR  EMPIRICAL  RELATIONSHIPS 
HAVE  BEEN  DEVELOP3D  TO  DETERMINE  THE  ATTENUATION  WHEN  RADIO 
MEASUREMENTS  ARE  NOT  AVAILABLE.  THESE  INCLUDE:  THE 
RELATIONSHIPS  INVOLVE  THE  TOTAL  AMOUNT  OF  PRECIPITABLE  WATER 

^D^En^Z^9^HkPET(PEJESMiyiD  F80M  gADIO  SONDE  DATA),  WATER 
VAPOR  DENSITY  OF  the  SURFACE,  IR  SPEClRAI  HYGROMETER  08- 
SERVATJONS  OF  THE  SUN,  AND  3.3  MM  MEASUREMENTS  OF  DIFFER- 
ENTIAL ATMOSPHERIC  EMISSION.  WHEN  SOLAR  RADIO  MEASUREMENTS 
CANNOT  BE  MADE  , THE  DIFFERENTIAL  EMISSION  TECHNIQUE  IS  PRE- 
£E55?P„MEA£!S  0F  DETERMINING  THE  ATTENUATION  BECAUSE  IT  CAN  BE 
CARRIED  OUT  AT  ANY  TIME  AND  RESULTS  ARE  IMMEDIATELY  AVAILABLE 
12  REFS . ## 

B6iI®^^2CARJHYI  D-E-ttREFLECTION  AND  TRANSMISSION  MEASURE- 
MENTS IN  THE  FAR  I NFR ARED*NO  #*APPLIED  OPTICS.  VOL,  10, 
uPlc-^Aui^S-iDAlttNOV.  1971*N0  ##REFLECTION  AND  TRANSMISSION 

THE  8°0-33  CM- 1 ( 12 . 5 UM-300  UM  ) REGION 
£5£L£R£?ENJED,-F0R  SEVERAL  MATERIALS.  DATA  INCLUDE  THE 
SPECTRAL  REFLECTANCE  OF  AOP,  KDP , NACL , KBR , CSBR,  CSI, 
IkB£'„IkCk’,JND  KRSB.  CURVES  OF  THE  EXTERNAL  TRANSMITTANCE 
OF  SAMPLES  OF  KD-F , TEFLON,  GE.  M I LL I PORE  FILTERS  AND  A KODAK 
WRATTEN  FILTER  ARE  INCLUDED.  DATA  ARE  GIVEN  ON  THE  FUNDA- 
MENTAL ABSORPTION  FREQUENCIES  OF  MGO , LIF.TIOZ,  KBR. 

TLCL.  AND  TLI.  DOUBLE  BEAM  SPECTRA  PHOTOMETERS  WERE  USED 
FOR  MAKING  THE  MEASUREMENTS-  ALL  THE  CRYSTALS  REPORTED 
HERE  WERE  SYNTHETIC. *» 

B615848»WI JNBERGEN,  J.J.  AND  KELLY,  A . A . *F  A R INFRARED  TRANS- 
MISSION AND  REFLECTION  OF  IRTRAN  1 THROUGH  IRTRAN  6 AT 
LOW  TEMPERATURES»NO  #»APPL I En  OPTICS,  VOL.  13,  NO.  11, 
2716-2?18*N0V  1974*N0  #* TRANSMISSION  AND  REFLFCT I ON 
MEASUREMENTS  IN  THE  IR  BETWEEN  340  AND  40  CM-1  ARE  PRE- 
SENTED FOR  IRTRANS  1-6.  MEASUREMENTS  HAVE  8EEN  PERFORMED 
AT  ROOM  TEMPERATURE,  LIQUID  N2  AND  LIQUID  HE  TEMPERA- 
TURES . tt'a' 

B6l  5859#SH0TTS,W.J.  AND  SIEVERS-  A . J . *LOW- TEMPERA TuRE  FAR- 
INFRARED  WlNDOWS*NO  #*APPLlED  OPTICS,  VOL.  13,  MO.  12, 
2773-2774*dEC  1974*N0  #*WINDOWS  OF  POLYETHYLENE  AND  GER- 
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MANIUM  ARE  SUGGESTED  FOR  USE  AS  FAR  IR  MEASUREMENTS,  FOR 
WAVENUMBERS  LESS  THAN  700  CM-1 . POLYETHYLENE  .1  MM 
THICK  TRANSMITS  MORE  THAN  80  PERCENT  FOR  WAVENUMBERS 
THAN  700  CM-l.  GERMANIUM  (1  MM  THICK)  TRANSMITS  AT 
20  PERCENT,  EVEN  at  The  350  CM-1  LATTICE  ABSORPTION 
AND  MORE  FOR  LONGFR  WAVELENGTHS.** 

1321 71C*ULABY , FAWWAZ,  T . *ATMOSPHER I C ABSORPTION  OF 
BETWEEN  150  AND  350  GHZ*NO  #*IEEE  TRANSACTIONS  ON 

~ ‘ -485*J^LY  1970*NO 


IY , FAWWAZ  . . _ 

_ >0  AND  350  GHZ*NO  #*IEEE  TRAN! 
AND  PROPAGATION,  VOL-  AP-l8.  NO.  4,  47< 

this  paper  compares  several  forms  for  the 


)N  A 


LESS 

east 

AND, 


RADIO  WAVES 
NTE! 


;S  AS 


APPLIED  TO  FR! 

TlOt  : “ 

Range 


absorption 


nnas 
#* 

LINE 


N IN  THIS  FREQUENrY  RANGE  ARE  EX  AM  I NEn . 
ESENTEn  FOR  nIREcT  CAL  rUL AT  I ON  OF  ATTENUA- 
ON  OF  PRESSURE  TEMPERATURE  ANn  WATER  VAPOR 
S OF  THESE  CALCULATIONS  SHOUl  D BE  IN  GOOD 


QUENCIES  8E- 
ARIOUS  LINES 
EX  AM  I NEn . 

EMI 


SHAPES  FOR  ATMOSPHERIC  G ASC 

TWEEN  150  AND  350  GHZ.  THE  CONTRIBUTIONS  OF 
TO  THE  ABSORPTION  IN  THIS  FREQUf  " “ "■ 

EQUATIONS  ARE  PRESENTE, 

T! ON  AS  A FU NpT I 1 

density,  results  of  THESE  CALCULATIONS  should  BE  IN  GOOD 
AGREEMENT  near  the  183  AND  323  GHZ  (WATER  VAPOR)  ABSORPTION 
LINES,  BUT  WILL  BE  SUBSTANTIALLY  LOW  IN  THE  WINDOWS.** 
151761B*WINTHER,  F , * THE  ROTATIONAL  SPECTRUM  OF  WATER  BETWEEN 
650  AND  50  CM-1  H2180  AND  H2170  IN  NATURAL  A8UNDANCE*N0  #* 
JOURNAL  OF  MOLECULAR  SPECTROSCOPY,  VOL.  65,  408-419*1977* 

NO  # * I N THE  FAR  IR  SPECTRUM  OF  WATER,  121  H2180  AND  48  H2170 
PURE  ROTATIONAL  LINES  HAVE  BEEN  IDENTIFIED.  FROM  THE  LINE 
FREQUENCIES  AND  A MINIMUM  NUMBER  OF  LITERATURE  VALUES  OF 
NEAR  IR  ROTATION-VIBRATIONAL  TRANSACTIONS  AND  LINES  FROM 
MICROWAVE  SPECTRA.  FOR  LOW  J LEVELS,  THE  AGREEMENT  WITH 
EARLIER  CALCULATIONS  FROM  OTHER  MICROWAVE  LINES  AND  NEAR 
IR  RESULTS  IS  WITHIN  EXPERIMENTAL  ERROR,  BUT  DEVIATIONS 
UP  TO  0.6  CM-1  ARE  FOUND  FOR  HIGH  J,  HIGH  KA  LEVELS.** 
622181A*STRAIT0N,  ARCHIE  W.*THE  ABSORPTION  AND  RERADIATION 
OF  RADIO  WAVES  BY  OXYGEN  AND  WATER  VAPOR  IN  THE  ATMO- 
SPHERE*NO  #* I EEE  TRANSACTIONS  ON  ANTENNAS  AND  PROPAGATION, 
595-597 *JULY  1975*N0  #*THIS  IS  A REVIEW  ARTICLE  ON  THE 
INTERACTION  OF  RADIO  WAVES  WITH  OXYGEN  AND  WATER  VAPOR  IN 
THE  ATMOSPHERE.  TOPICS  ARE:  CENTER  FREQUENCY,  LINE 
STRENGTHS, _LINE  SHAPES,  TEMPERATURE  AND  PRESSURE  DEPENDENCE, 


) A - 

IS 


OXYGEN  ATTENUATION  in  the  atmosphere,  water  vapor  atteni 

TION  IN  THE  ATMOSPHERE,  RE-RADIATION  BY  ATMOSPHERIC  GASf 
WINDOWS  AND  WALLS.  11  REFS.  ** 

141  1429*AUGAS0N  , G.C.;  MORO>  A.J.;  WITTEBORN,  F . D • ,*  ERICKSON, 
t.F.;  SWIFT,  C.D.:  CAROFF,  L.J.i  AND  KUNZ,  L-W.*WATER  VAPOR 
ABSORPTION  SPECTRA  OF  THE  UPPER  ATMOSPHERE  (45-185  CM-1)* 

NO  #*APPLIED  OPTICS.  VOL.  14,  NO.  9,  ?146-2l50*SEPT  1975* 

NO  #*THE  FAR  IR  NIGHT  TIME  ABSORPTION  SPECTRUM  OF  THE  EARTH’S 
ATMOSPHERE  ABOVE  14  KM  IS  DETERMINED  FROM  OBSERVATIONS  OF 
THE  BRIGHT  MOON.  THE  SPECTRA  WAS  OBTAINED  USING  A MICHtLSON 
INTERFEROMETER  ATTACHED  TO  A 30  CM  TELESCOPE  ABOARD  A HIGH 
ALTITUDE  JET  AIRCRAFT.** 

B311817»M0N,  K.K.  AND  SlEVERS,  A . J . *PL EX  I GLAS : A CONVENIENT 
TRANSMISSION  MATERIAL  FOR  THE  FIR  SPECtRAL  REGI0n*N0 
OPTICS-  VOL.  14,  NO.  5 , 1 0 54 - 1 05 5 * MA Y 1975*N0  #*THIS 
ARTICLE  REPORTS  ON  THE  ABSORPTION  CONSTANT  IN  CM-1  OF  FUSED 
SILICA  ( S 1 02 ) AND  PLEXIGLASS  AT  300  DEG  K AND  4.2  DEG  K 
IN  THE  WAVE  NUMBER  BAND  2-50  CM-1.  (60  GHZ  - 

1500  GHZ).** 


#*APPLI ED 
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A61181G*F I CHER > KLAUS*MASS  ABSORPTION  INDICES  OF  VARIOUS 
TYPES  OF  NATURAL  AEROSOL  PARTICLES  IN  THE  INFRARED*N0  #* 
APPLIED  OPTICS,  VOL-  1 4 » NO.  1?>  2 fl5 28  56  *DFC  1975*n0  #* 

the  mass  absorption  index  of  aerosol  particles 
measured  in  THE  ?-l7  UM  WAVELENGTH  region.  th 
MENTS  WERE  PERFORMED  ON  FILMS  OF  AFROSOL  PARTI 
WERE  COLLECTED  BY  AN  AUTOMATIC  JET  IMPACTOR  AT 
AND  VARIOUS  UNCONTAMINATED  SITES.  ALL  BUT  MARINE  AEROb 
POSSESS  STRONG  ABSORPTION  BANDS  IN  THE  TRANSPARENT  PART 
THE  ATMOSPHERIC  LONG  WAVE  SPECTRUM-  INDICATING  THE 

marked  Influence  of  aerosol  particles  on  the  radiation 
BUDGET  OF  THE  ATMOSPHERE.  PLACES  WHERE  THE  AEROSOLS 


HAS' BEFN 
: MEaSuRE- 
:les  that 
pqllutei 


OLS 

OF 


WERE  COLLECTED. WERE  M A I NZ  - „GERM  ANY..  ( URB  AN  ) . (MARINE) 


WEST  COAST  OF  IRELAND, 


OF  IRELAND.  IMOUNTAIN) 
iRf-  ' 


COAST 


( MaRI NE ) ( CONT INENTAL ) WES 
JUNGFRAU  JOCH,  SWITZERLAND 
AND  ThREE'SITeS,  NEGER  DESERT.  ISRAEL. ** 

C41141H*FLEMING,  J.W,  AND  CHAMBERLAIN,  JOHN*HIGH  RESOLUTION 
FOR  IR  FOURIER  TRANSFORM  SPECTROSCOPY  USING  MICHELSON 
INTERFEROMETERS  WITH  AND  WITHOUT  COLL  I MAT  I ON . «NO  #*INFRA- 
RED  PHYSICS,  VOL.  14,  277-292*1974*N0  #*A-2  BEAM  INTER- 
FEROMETER OF  THE  MICHELSON  TYPE  HAS  BEEN  USED  TO  MEASURE 
THE  ABSORPTION  SPECTRA  OF  CO,  N20.  AND  NO  IN  THE  SPATIAl 
REGION  15-40  CM-1  AT  A RESOLUTION  OF  .05  CM-1.  THE  INTER- 
FEROMETER WAS  USED  IN  BOTH  A COLLIMATED  AND  UNCOLLIMATED 
MODE  AND  A DE  T A 1 1 E D COMPARISON  OF  MEASURED  WAVENUMBERS 
WAS  MADE  FOR  CaPBON  MONOXIDE.  THE  WAVENUMBER  CONTRACTIONS 

in  the  collimated  interferometer  are  as  expected  from 

->ERTURE  CONSIDERATIONS,  and  THE  LARGER  CONTRACTIONS 

WITH  THE  UNCOLLIMATED  INTERFEROMETER  CAN  BE  RE- 
THE  GEOMETRY  OF  THE  COLLECTING  OPTICS.  ONcE  THE 

_ _ * ~ MEASUREMENTS  MADE  ON  NO  AND 

FOR  COl 


coll 

FINITE  APER- 
OBSERVED 

LATED  TO  . ..  . D 

WAVENUMBER  SCALE  GIVEN  BY  THE 
N20  SHOW  AGREEMENT  WITH  EXPECTED  POSITION 
CM-1.  26  REFS.  ** 

141131E*RYAD0V,  V.Y.J  FURASHOV,  N . I . ; AND  SKORONOV, 

G.A.»MEASUREMENt  OF  ATMOSPHERIC  TRANSPARENCIES  IN  THE 
0.87  MM  WAVE  REG  I ON*CONTRACT  NAS5-3760*N AS A-TT-F-8931*  , „ 

27  JULY  1964»N64-27134*ABS0RPTI0N  IN  THE  ATMOSPHERIC  TRANS- 
PARENCY WINDOW,  CENTERED  AT  THE  MEAN  WAVELENGTH  LAMBDA  = 

.87  MM,  IS  MEASURED  BY  A RADIOMETER  USING  THE  SUN  AS  A 
SOURCE,  IN  THE  SPECTRAL  INTERVAL  OF  0.9  CM-1.  THE  MEAN 
WATER  VAPOR  ABSORPTION  FACTOR  IN  THIS  BAND,  CONVERTED 
TO  MOISTURE  RHO  = 7.5/G/M3-  AND  THE  ATMOSPHERIC  PRESSURE 
AT  SEA  LEVEL,  GAVE  10.4  DB/KM.  AT  THE  SAME  TIME,  THE 
MINIMUM  VALUE  OF  THE  ABSORPTION  FACTOR  IN  THIS  WINDOW, 
OBTAINED  FOR  .97  MM  WAVELENGTH,  CONSTITUTED  8-7  DB/KM. 
COMPARISON  IS  MADE  BETWEEN  THE  RESULTS  OF  THE  EXPERIMENT 

321181B»BATTLES^TJ?WI:  AN^CRANE,  D . E . * AT  TENUAT  I ON  OF  AKA 
BAND  ENERGY  BY  SNOW  AND  ICE*NO  #*NOLC  REPORT  670*10  AUG 
1966*A D-638  303*MEASUREMENTS  OF  THE  ATTENUATION  OF  E & M 
ENERGY  BY  SNOW  AND  THE  REFLECTION  OF  RADIATION  FROM  SNOW  AND 
ICE  WERE  MADE  BY  USING  AN  INTERFEROMETER  AND  MANUFACTURED 
SNOW  AND  ICE  IN  AN  ENVIRONMENTAL  CHAMBER  UNDER  CLOSELY  CON- 
TROLI  ED  CONDITIONS.  THE  AMBIENT  TEMPFRATURE  WAS  HELD  AT 
-14  DEG  F FOR  ALL  MEASUREMENTS.  SNOW  AND  ICE  ATTENUATION 
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AND  reflection  measurements  are  tabulated  for  various  snow 

DENSITIES  COVERING  THE  RANGE  32-39  GHZ.  RESULTS  SHOW  THAT 

Packed  snow  and  greater  density  p 


'P  A CKED*  SNOW  ~ AND  ‘greater  'dens  I TY  PRODUCED  LESS^ ATTENUATION** 
C225815*BAtTLES*^J;  W.fMM^INTERrEROME-  “,''1 


',?P815*HATTLfcS  » J.  W.  n\|ICr<)-tNUmrTtK*NO  5»nol"cerona»no 
An-603  544*TH I S ARTICLE  DESCRIBES  A NEW  MM  WAVE  INTER- 
FEROMETER,  BASED  ON  FROOME'S,  THAT  IS  DESIGNED  To  MEASURE 
THF  COMPLEX  DIELECTRIC  CONSTANT  OF  VARIOUS  MATERIALS  AT 
MM  WAVELENGTHS  (35-75  GHZ ) • **  „ u ,,  „ , 

231171 6 » FRENKEL , L . *PROP AGAT I ON  OF  MM  AND  SUB  MM  WAVES . FINAL 
R(-  pu  R T *N  AS  5w-963*MARTIN  COM  P A N Y * 1 96  5*  N6  5- 79  37  4 * TH  I S REPORT 
GIVES  RESULTS  OF  LABORATORY  EXPER I MENTS  OF  TRANSMISSION  OF 
MM  WAVES  APPARENTLY  i50-300  GHZ,  IN  WATER  VAPOR  ANn  OTHER 


nr.  WAVES“APPARENTLY  ' ISO- 

ATMOSPHERIC  gases,  and  s 

. MT  ~.i  Tlirrr  „ 


500 
5m  E 


7 0'  *7  M in  s.  o r\c_’  _ 

TRANSMISSION  OF 

GHZ,  IN  WATER  VAPOR  ANn  OTHER 
MEASUREMENTS  OF  THE  DIELEcTRIc 


► IN- 
IN 
chni  I 
1968* 


rONST AN  I ON  I HfcbE . ** 

223l7i9ftUSIK0V  . A.YA.S  GERMAN,  V - L . ; ANn  VAKSER.  I . K H . 
VEST  I GAT  I ON  OF  ABSORPTION  ANn  SCATTERING  OF  MM  WaVE$ 
PRECIPITATIONS  II  (TRANSLATED) *N0  #*UKRAlNSKH  FIZIC 
ZHURnAL*  VOL.  6,  NO-  5,  618-641  (NASA  T T-F- 1 1 , 913  > * 1* o 
N68-35B37ftTHlS  PAPER  PRESENTS  EXPERIMENTAL  DATA  ON  THE 
DAMPING  OF  RADIO  WAVES  RANGING  IN  LENGTH  FROM  8.15  TO 
>.17  MM  IN  RAIN  AND  THE  BASIC  RESULTS  OF  A THEORETICAL 
STUDY  OF  THE  SrATTCDTMr  a m n adchddttidm  nr  mm  r a Pith  wav 

IN  PRECIPITATIONS . 

2111716* DERR,  VERNON 


AND  ABSORPTION  OF 

•ft  ft 

...RNON  E .*  INVEST  IGAT  TONS  OF  THF  PROPAGATION 
OF  MM  WAVES,  MONTHLY  LETTER  REPORT,  l-3l  OCT  l964*N0  #* 
MARTIN  COMPANY  * JUNE  21,  1965«N65 -2 37 0 7 « TH I S REPORTS  ON 
SOME  MEASUREMENTS  OF  AN  ATMOSPHERIC  WATER  VAPOR  ABSORPTION 
LINE  AT  A HARMONIC  OF  74.6668  GH7  . PROBLEMS  WITH  THEIR 
EXPERIMENTAL  HARDWARE  WERE  DISCUSSED.**  „ _ „ 

212748 » SMITH,  IRA.  EDIT0R*FTR5t  QUARTERLY  REPORT  FOR  MM 

S8W88,itil8SscBR.9§i!Sn8!!6E5«!^9U.?Bl[s1!l4THE1r^?T 

QUARTERLY  REPORT  for  AN  8-month  STUDY  PROGRAM  TO  DF 
7 I Mt  I ““  “■  ‘ 


„ *9*9-  * w,  ,-.C  , . r.^  , 

„ -MONTH  STUDY  PROGRAM  TO  DESIGN 
EXPERIMENTS  TO  DETERMINE  the  EFFECTS  of  the  propagation 
MFDIUM  - TO  LOW  (200  NM ) , MEDIUM  ALTITUDE  (6000  NM)  AND 
SYNCHRONOUS  COMMUNICATION  SATELLITE,  IN  THE  15-35  GHZ 
BAND. * * 

212173A  »SM I TH * IRA,  EDITOR»FINAL  REPORT,  VOLUME  II,  FOR  MM 
COMMUNICATION  PROPAGATION  PROGRAM  (1  NOV  1964  - 1 NOV; 
1965  )*CONTRACT  NO.  N AS  5- 95 23* N AS  A CR-76095*NOV  1964*N66- 
30164*TH I S DOCUMENT  IS  VOLUME  II  OF  THE  FINAL  REPORT 
FOR  THE  MM  COMMUNICATION  PROGRAM  BEING  PERFORMED  TO 
STUDY  THE  REQUIREMENTS  ~~ 


IE  MM  COMMUNICATION  PROGRAM  BEING  PERFORMED  TO 
STUDY  THE  REQUIREMENTS  FOR  THE  DESIGN  OF  EXPERIMENTS  TO 
DETERMINE  THE  EFFECTS  OF  THE  PROPAGATION  MEDIUM  ON  MM 
SPACE-EARTH  PATHS.  FOR  ROTH  LOW  ALTITUDES  (200  NM) 


.....  ....  w.  w.  ....  , MEDIUM 

EARTH  PATHS,  FOR  BOTH  LOW  ALTITUDES  (200  NM) 

MEDIUM  ALTITUDE  (6000  NM)  AND  SYNCHRONOUS  ALTITUDE 
(22,3n0  nm)  satellites.** 

5611211  ftFAZIO,  G . G . * A 102-CM  BALLOON-BORNE  TELESCOPE  FOR 
FAR  IR  ASTRONOMY*NO  #*0PTICAL  ENGINEERING,  VOL.  16.  NO. 
6-  551 -557(NGR22-007-270*NOV-DEC  1977*n0  #*THE  CENTER 
FOR  ASTROPHYSICS  - UNIVERSITY  OF  ARIZONA.  BALLOON-BORNE 
I NER  T I ALLY  GUIDED-  102  CM  TELESCOPE  WAS  DESIGNED  TO  PER- 
and  HIGH  RESOLUTION  MAPPING  OF  FAR  IR 


FORM 

(40- 

NQW 


PHOTOMETRY  „„„  , 
UM  ) _ CELEST  I Al, 


N FLOWN  AND 


HIGH  RESOLUTION  MAPPING  OF  FAR  IR 
Al  SOURCES.  TO  DATE  THE  TELESCOPE  HAS 
SOCCESSFULLY  RECOVERED  A TOTAL  OF  10 
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TIMES.  SIX  OF  THE  FLIGHTS 
n?”  CaE  data-  RESULTING  in 
TIONS  OF  NUMEROUS  OBJECTS 
CLOUDS*  MOLECULAR  CLOUDS- 
PLANETS - AND  AN  ASTEROID, 
MIN  FWHM  HAVE  BEEN  ~ 


equivalent' flux~dens it y Jf  The  sy< 

TO  .JY/.(HZ)l/2  FROM  THE  LAUNCH  SIT 


have  produced  useful  astro- 

more  THAN  40  HOURS  OF  OBSERVA- 
SUCH  AS  H I I REGIONS,  DARK 
galaxies-  THE  GALACTIC  CENTER, 

MAPS  WITH  A RESOLUTION  OF  1 ARE 

ACHIEVED. WITH  ABSOLUTE  POSITION  ACCU- 


RACIES. OF  PLUS  OR  MINUS  10  ARiNER.  'THE  RM$'nOISE 


;ly 
; as 


TEM  IS  APPRQXIMAT 

ri  £} INATI0NCCAN  ^OBSERVED?** 
5l3l62H*N0  #*THE  INFLUENCE  OF  THE  ATMOSPHFRF  ON  RFmOtp 
SENSING  MEASUREMENTS-  VOL.  3*ESR0  CONTRACT  NO.  1838/ 

72  PPoHSn  TD-7400,  HAWKER  SlDDLEY  DYNAMlCS*DFC  1973* 
N74-2q288*ATMOSPHERI C INFLUENCES  ON  REMOTE  SENSING  ARF 
r « IP  WAVELENGTHS  IN  THE  MI CROWAVE  AND  RADIO  ^R^GI ON 

Tur  • r.L,TyE  EARTH'S  ATMOSPHERE  IS  DESCRIBED  AND 

JH§  KT,£RTAf5I  physical  processes  occurring  within  it  are 
explained,  these  processes  include:  gaseous  absorption 

PmPc§t  i*mSI8nf  0?£?TACLEMSc\UfiR  ING  aND  ABSORPTION  and 
emission;  Refraction  and  turbulence  the  influences 

2nMJHsiEuA,^0SSHEI^IC  processes  on  passive  and  active 

r£u*PiRv  M™nIiD-r°N  VARIOUS  platforms  ARE  REVIEWED. 
nlcD a nPn  nA??E9l!y^  l E £ H M 1 9 H £ s ’ T0  Restore  atmospheric 

i?^-n^AEi[sR3f  if uirr,Nhe  InIs 

RAn^C«*VELENllHS?0JPHER6  °N  REM°TE  SENS,NG  AT  U“AVE  AN0 
56c^JVMn0u?!I[i^i^FLUENCE  OF  the  atmosphere  on  remote 

uinSi^G-r^nSU^MENTS  - VOL.  2*ESR0  CONTRACT  NO.  1837/72  Pp* 
yurpTPcZ400,  HAWKER  SlDDLEY  DYNAM I CS»nEC  1973*N74-?n987* 
THIS  SECOND  VOLUME  (OF  4)  GIVES  DETAILS  ON  REMOTE  SENSING 
WELENGTHS  FROM  UV  TO  FAR  IR:  THE  EARTH'S  ATMOSPHER^ 

' OCCUR 


W A’ 


NG 


OF  

IS  DESCRIBED  AND  THE  i MPORTANT  PHYS I CAL'  PROCESSES' 

ARE  EXPLAINED.  THESE  PROCESSES  INCLUDE : GASEOUS 
^?i§DRPjj.ON  AND  EMISSION;  PARTICLF  SCATTERING  AND  ABSORPTION 
AND  EMISSION;  REFRACTION  AND  TURBULENCE.  THE  INFLUENCES  OF 
THESE  ATMOSPHERIC  PROCESSES  ON  PASSIVE  AND  ACT  VE  SENSORS 
MOUNTED  ON  VARIOUS  PLATFORMS  ARE  REVIEWED.  FINALLY? 
CORRECTIVE  TECNIQUES,  TO  RESTORE  ATMOSPHERIC  DEGRADED  DATA 
B TO  AN  ERROR-FREE  FRAME-  IS  EXAMINED.**  UtU  U IA 

5131819*BL00R.  D . *B I BL I OGR APHY  OF  FAR  IR  SPECTROSCoP Y*NO  #* 
INFRARED  PHYSICS-  VOL.  10,  1-55*1970*NO  # * T H I S BIBl  I0GRAPHY 
CONTAINS  REFERENCES  TO  SPECTROSCOPIC  STUDIES  WITHIN  THE 

9N,-pD-2000  UM  1.05-2  MM)  WAVELENGTH.  A NUMBER  OF  PAPERS 
ARE  INCLUDED  DEALING  WITH  TECHNIQUES  AND  THEORETICAL  DIS- 
CUSSIONS, APPLICABLE  IN  THIS  REGION.  PAPERS  ARE  LISTED  BY 
dIt?p9iF  PUBLICATION  ANP  TH9  FIRST  AUTHOR'S  NAME  IN  ALPHA? 

?£J,I,c,£kn0RDER  • AN  index  with  general  categorization  IS 

INCLUDfcU.** 

T 41l8l8«STEPHENS0N - D.A.  AND  STRAUCH,  R.G.*WATER  VAPOR 

cPiPIRUwrt,NEA?<r609^9HZ«^°  JOURNAL  OF  MOLECULAR  SPECTRO- 
SCOPY. VOL.  35-  494-495*19 7 0*NO  #*THIS  LETTER  REPORTS  ON 

ABSORPTION  LINES  OF  H20  AND  D20  AT 
FREQUENCIES  NEAR  600  GHZ.  FOR  H20-  THE  FRFQUENCY  OF 
THE  TRANSITION  1(0,1)  GOING  TO  1(1,0)  LINE  WAS  556  9358 
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GHZ.  IN  D20,  THE  FREQUENCY  OF  THE  TRANSITION  0(0,0) 

GOING  TO  1(1,1)  LINE  AS  607.3496  MHZ.** 

813511K*GAYDUK»  V.I.;  LOSKUTOV,  V.S.J  AND  SEKlSTOV,  V.N^* 
NONLINEAR  THEORY  OF  rOMPLEX  pIELECTRlC  CONSTANT  OF  DI^OLF 
GASES*NO  #*RAnlO  ENGINEERING  ANn  ELECTRONIC  PHYSICS,  VOL, 
21,.  5-l7»N0V  197 6*N0  #*AN  EXPRESSION  FOR  THE  REAL  AND 
IMAGINARY  PART_OF  A COMPLEX  DIELECTRIC  CONSTANT  E = E'-JE" 


™F  BASIS  ofVA  COMPLEX  POWER  THEOREM.  THE 
COMPLEX  IMPEDANCE  OF  A MATERIAL  IS  OBTAINED  AS  A FUNCTION 
OF  MICROPARTICLES.  THIS  THEORY  IS  APPLIED  TO  AN  ENSEMBLE 
OF  ROTATING  PARTICLES  IN  A MICROWAVE  FIELD.  THE  ROTATION 
IS  RAREt-Y  INTERRUPTED  BY  COLLISIONS  BETWEEN  THE  PARTICLES 


IN  A UWAVE  F 1 1 


COLLISIONS  Bf^wEcN  Th 


THE 


ED 

I 


ROTATION  IS  RARELY  INTERRUPT 
— c,.  . PaRTIclfS.  a dependence  of 
ON  SIGNAL  MAGNITUDE  IS  DERIVED  WHIrR  TNDICaTES  THE 
PRESENCE  OF  A "BRIGHTENING"  OF  THE  MATERIAL,  WHICH  IS 
IN  TERMS  0F  KNOWN  MICROSCOPIC  PARAMETERS  OF 
MOLECULAR  SPINS  (ROTATORS)  AMD  MACROSCOPIC  PARAMETERS  OF 
THE  MATERIAL.  THE  THEORY  IS  APPLIED  TO  NH3  GAS  AT  12 
PRESSURE  AND  1.8  CM  WAVELENGTH;  NONLINEAR  EFFECTS  ARE 
SEEN  AT  20  UWATTS  IN  A CAVITY.** 

15H81  *RABACHE»  P.  AND  REBROURS,  B.*SPEcTRAL  ANALYSIS  OF 


BY 

AND 


MM 


IN  THE  FAR  IR 
>,  179- 


ABSORPTION  COEFFICIENT  OF  H20.  03,  AND'02  uv  me  m 
IN  the  STRAfo§PHERE*NO  #*INFrarEd  PHYSICS,  VOL.  15 

THIS  ARTICLE  THE  AUTHORS  MAKE  A COMPARISON 
OF  THE  MOLECULAR  ABSORPTION  COEFFICIENTS  OF  THE  THREE 

J£knCPNSTI  TUENTS  WHICH  ABSORB  AND  EMIT  ENERGY  IN 

IPPr,£TP£T0S,PHERE  between  o and  2on  cm-i.  the  spectral 

RESPONSE  SHOWS  CLEARLY  THAT  FOR  ALTITUDES  ABOVE  16  KM, 

OZONE  ABSORBS  A SIGNIFICANT  PART  OF  THE  RADIATION  21 
KEFS  . **  * 

55U816*L0MBARDIN  I , P.P.;  MELCHIORRI,  F.;  S A I 1 0 , C . ; AND 
RALL'AGNOLA,  L . * ATMOSPHER I C TRANSMITTANCE  IN  THE  FAR  IR  AT 
TESTA  GRIGA*N0  #*INFRARED  PHySICS-  VOL.  15,  73-78*1975* 

NO  #*ATMOSPHERIC  TRANSMITTANCE  IN  THE  BAND  30Q-2000  UM  WAS 
MEASURED  IN  THE  FAR  IR  SOLAR  OBSERVATORY  OF  TESTA  GR IGA » 
3980  M ABOVE  STANDARD,  SEA  LEVEL.** 

B4 i581A*BI RCH , J.R.;  HARpING,  A.F.;  CROSS,  N.R.;  AND  FULLER, 
D.W.E.*TEMPERATURF  VARIATION  OF  THE  SUBMILLIMETER  WAVE- 
LENGTH OPTICAL  CONSTANTS  OF  SO D A - L I ME - S I L I C A GLASS*NO~#* 

VOL.  16.  42l-4?2*1976*NO  #*THE  OPTICAL 
CONSTANTS  OF  SODA-LIME  GLASS  ARE  DESCRIBED  FROM  10  TO 
45  CM-1  FOR  TEMPERATURES  OF  1.8,  4.2  AND  293  DEG  K 

ABSORPTION  COEFFICIENT  CHANGES  FROM  A WAvENUMBER- 
SPONSORED  DEPENDENCE  AT  293  DFG  K TO  AN  ALMOST  CUBIC  DE- 
PENDENCE AT  1.8  K.  WHILE  THE  REFRACTIVE  INDEX  F^LLS  FROM 
A MEAN  VALUE  OF  2.586  AT  293  pEG  K TO  2.51  AT  1.8  DEG  K** 
B4ll81.7*ALVAREZ,  J.A.;  JENNINGS,  R.E.,‘  ET  A L . » F A R I.R  MEA- 
SUREMENTS OF  SELECTED  OPTICAL  MATERIALS  AT  1.6  DEG  K»N0  #* 
INFRARED  PHYSICS,  VOL.  15,  45-49*1975*N0  ADMEASUREMENTS  AT 
K 0F  THE  TRANSMITTANCE  AND  REFRACTIVE  INDEX  OF 
QUARTZ,  POLYETHYLFNE,  POLY  TETRA  FlUOROETHyLFNE  HAvF  BcEN 
MADE  USING  A MICHELSON  INTERFEROMETER  OPERATING  IN  THE 
PHASE  MODULATED  MODE.** 

B211 71E*VEL • MI N,  V.A.;  KORETS,  V.F.;  ET  AL.*SOME  EFFECTS 
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during  the  passage  of  radio  WAVES  (8  MM)  through  the 
REGION  OF  AN  EXPLOSlON*NO  #*ZHARMAL  POKlAnNQP  MEKHANILII  I 
IEKHnIcHFVSKOY  F T z I K I (IN  RUSSIAN),  NO.  2,  136-139  (JPRS- 
^3^4  - TRA^Sl.ATl0N)*i97l»N0  ## A PROPAGATION  EXPERIMENT 


5 

EXPIOSIVE  WERE  SET  OP'F  BETWEEN  A 8 MM  RECEIVER  AND  TRANS- 
MITTER horn  set.  beamwiqth  was  16  deg,  i/?  power,  inter- 
ANTFNNAE  DISTANCE  was  230  cm.  the  signal  strength  OSCIL- 
LATES AS  A FUNCTION  OF  THE  MaSS  OF  EXPLOSIVE  (PERIODS  IN 
MICROSECONDS),  FOR  lO,  25,  AND  52  GM  OF  EXPLOSIVE.  THE 
RECEIVED  SIGNAL  CAN  BE  ANALYZED  IN  TERMS  OF  DIFFRACTION 

ON  WHICH  DIFFRACTION  TAKES 


UNc 

- - -J)»  FOR  10,  25, 

:CE I VED  SIGNAL  CAN  BE  ANAL 
OFF  OF  THE  RADII  OF  SURFACE 
PLACE  AT  THE  MOMENT  TK,** 
8111617*LAUGHT0N»  D.;  FREUND, 
PLUS  OR  MINUS  3 "FORBIDDEN" 
V2-BAND  0F.NH3*N0  #*JOURNAL 
>3  *» 


S.M.  ; AND  OKAI 


VOL.  62,  263-270*l976*N0 


INFRaR 
OF  MOL 
#*DELTA  K 


ELTA  K = 
IN  THE 


VlBR AT  ION-ROTATION  TRANS  IT I0NS  ^N_THE_y2_BAND_0F  N2 


been  MEASUREl 
LASER  STARK 
T4  I * ' 


USING  IR-UWAVE 
PECTROSCQPY 


D TRANSITION  

: C U L A R SPECTROSCOPY, 

= 13  "FORBIDDEN" 

. ...  HE  V2  BAND  OF  N2  HAVE 

TWO  PHOTON  SPECTROSCOPY  AND 


622184 I*GREENBAUM,  M.*A 


AND  DISPERSION  IN  THE 
19#NO 


DAAH01-74-C-04 
IS  PRESENTED  * 


STUDY  OF  MM  AND  SUB  MM  ATTENUATION 
EARTH’S  ATMOSPHERE*CONTRAcT  NO. 

. — . . . w — _ #»15  AUG  1975#AD-A015  544*A  SUMMARY 

JESENTEd  OF  NEW  CALCULATIONS  OF  ATMOSPHERIC  ABSORPTION 
LINE  PARAMETERS  AND  OF  A START  PATH  ABSORPTION  MODEL  (SLAM) 
INTENDED  FOR  USE  IN  THE  MM  AND  SUB  MM  WAVE  SPECTRAL  REGION 
RESULTS  OF  A LITERATURE  SEARCH  CONCERNING  ALTITUDE  DEPENDENT 
ATTENUATION  AND  DISPERSION  IN  THIS  REGION,  AS  WELL  AS 
WEATHER  DEPENDENT  SCATTERING  AND  FADING  STRENGTHS,  ARE  ALSO 
SUMMARIZED.  RECOMMENDATIONS  ARE  GIVEN  FOR  REDUCING  UN- 
CERTAINTIES IN  THE  MODEL  PREDICTION.  A LIST  OF  318  ABSORP- 
TION LINES  OF  THE  MOLECULAR  02  ISOTOPES  OF  PRINCIPAL  CON- 
CERN IN  ATMOSPHERIC  TRANSMISSION  BELOW  300  CM-1  IS  INCL  ' 
TOGETHER  WITH  THEIR  INTEGRATION  STRENGTHS  AT  296  nEG  K» 

WlpTHS.  LOWER  STATE  ENERGIES,  AND  IDENTIFYING  QUANTUM 
NUMBERS,  IN  THE  FORMAT  OF  THE  AFCRL  ATMOSPHERIC  ABSORPTION 
LINE  PARAMETER  COMPILATION  CALCULATIONS  FOR  02  ARE  GIVEN 
IN  THE  SLAM  PROGRAM,  AND  ALSO  FOR  CU.** 

A62191A»KERKER,  M . *LORENZ-M I E SCATTER  I NG»N0  ##NO  #*2l  FEB  1978# 
NO  #*THIS  IS  A SET  OF  NOTES  M.  KERKER  GAVE  AT  THE  SMOKE  OBSER- 
VATION MODELING  SHORT  COURSE  AT  THE  UNIVERSITY  OF  TENNESSEE 
SPACE  INSTITUTE,  FEB  21,  1978.  IT  IS  INCLUDED  HERE  AS  IT 
IS  THE  LATEST  THEORETICAL  DISCUSSION  PERTINENT  TO  MODELING 
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SCATTERING  PHENOMENA  OF  A LORENZ-MlL  TYPE,  WHICH  IS  VALID 
FOR  RAIN,  FOGS,  PARTICULATES  IN  THE  ATMOSPHERE  THAT  ARE 


OF 


SPHERICAL  OR  CYLINDRICAL  IN  SHAPE 
RADIUS  SATISFIES  THE  MIE  CRITERION 
THE  ORDER  OF  WAVELENGTH  TIMES  2 P I 
A62691A*MCCLATCHEY,  R.A.*ATMOSPHERIC 
NO  #*NO  #*21  FEB  1978*N0  #*THIS  IS 

MACLATCHEY  ON  21  FEB  1978  AT  A SMOKE  OBSERVATION  MODELING 
SHORT  COURSE  AT  THE  UNIVERSITY  OF  TENNESSEE  SPACE  INSTITUTE 
ON  ATMOSPHERIC  TRANSMISSION  MODELING.  TOPICAL  TITLES  ARE  J 
ATMOSPHERIC  MODEIS,  OPTICAL  DATA  (MOLECULAR)  AND  COMPUTATIONAL 
TECHNIQUES,  OPTICAL  DATA  (AEROSOLS)  INCLUDING  COMPLEX  RE- 


AND  WHOSE  DROP  SIZE/ 
THAT  THE  RADIUS  IS  ON 

•n  # 

transmission  modeling# 
a set  of  talks  given  by 
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FRACTIVE  INDEX,  PARTICLE  SIZE  DISTRIBUTIONS,  HUMIDITY 
EFFECTS  - DATA  TC  3?  UM . LOW  SPECTRAL  RESOLUTION  PROPAGA- 
TION (LOWTRAN),  AND  LASER  TR ANSM I SS I ON.. »* 


512682j*RUSBRIDGe»  M.G. #a  NUMERICAL 
scattering  of  microwave  radiation 


xperiment  on  the  turbulent 

Y A TURBULENT  PLASMA# 


‘IGATE  A CASF  WITH  STRONG  BUT 

fluctuations,  example  of  random 

TRAJECTORIES  COMPUTED  THROUGH 


NO  # #PL  A SM  A PHYSICS.  VOL.  10,  95-108*1968* NO  # *C AL CUL A T I ONS 
OF  THE  REFRACTIVE  SCATTERING  OF  RADIATION  IN  A MEDIUM  WITH 
RANDOMLY  VARYING  REFRACTIVE  INDEX  HAVE  USUALLY  BEEN  LIMITED 
TO  THE  LINEAR  APPROXIMATION  WHERE  THE  SCATTERING  IS  WEAK. 

WORT  ( 1.966)  HAS  CONSIDERED  STRONG  SCATTERING  IN  THE  NON- 
LINEAR REGIME  BUT  ONLY  FOR  VERY  RESTYRICTED  AND  PHYSICALLY 
UNREALISTIC  TYPE  OF  REFRACTIVE  INDEX  FLUCTUATION.  IN  THIS 
PAPER  WE  nESCRIBE  A NUMERICAL  EXPERIMENT  DESIGNED  TO  REMOVE 
THIS  RESTRICTION  AND  INVESTIGATE 
REALISTIC  REFRArTIVE  INpEX  ' 

SURFACES  ARE  SET  UP  AND  RAY  ... 

SUCH  SURFACES.  AN  ANGULAR  DIFFUSION  COEFFICIENT  EXPRESSING 
THE  RATE  AT  WHICH  THE  MEAN  SQUARE  DEVIATION  INCREASES  WITH 
TRAJECTORY  LENGTH  IS  EVALUATED  FROM  THE  RESULTS  AND  SHOWN 
TO  BF  GIVEN  BY  AN  EXPRESSION  VERY  SIMILAR  TO  THAT  OBTAINED 
IN  THE  LINEAR  APPROXIMATION,  ALTHOUGH  WE  WORK  IN  A STRONGLY 
NON-LINEAR  REGIME.** 

2l5lim*IMAI  , I.:  SUZUKI,  E.J  I Z A W A , T.;  AND  KURASHIZE-  K.* 

STATISTICAL  PROPERTIES  OF  RAINFALL  AND  RADIOWAVE  ATTENUATION 
DUE  TO  R A I N*NO  #*FSTC-725-76  (JAPANESE  TRANSLAT I ON ) *MA Y 19*6* 
AD-B0 1.5  583L#TH  I S 1959  ARTICLE  CONSIDERS  THE  STATISTICAL 
CORRELATIONS  GOTTEN  BETWEEN  ATTENUATION  DUE  TO  RAIN,  AND 
WAVEl  ENGTH  OF  THE  UWAVES  (.9-10  CM)  USED.  TITLES  IN  THE 
ARTICLE  ARE:  D INTRODUCTION,  2)  ESTIMATION  OF  THE  SIZE  OF 
RAIN  CFLL  BASED  ON  AUTO  CORRELATION  ANALYSIS,  3)  MEASURE- 
MENT OF  THE  SIZE  OF  THE  RAINFALL  AREA  BY  RADAR,  4)  ESTIMA- 
TION OF  RADIO  WAVE  ATTENUATION  PROBABILITY  OF  AN  ARBITRARY 
LINK  BY  PROBABILITY  DISTRIBUTION  OF  POINT  RAINFALL-  5)  RELA- 
TION OF  PROBABILITY  DISTRIBUTION  OF  10  MINUTE  RAINFALL  AND 
PROBABILITY  DISTRIBUTION  OF  LONGER  PERIOD  RAINFALL.** 

225181 G*GODARD»  S . *R AD  I OELECTR I C ATTENUATION  PROPERTIES  OF  RAIN 
IN  THE  0.86  CM  BAND*NO  #*J0URNAL  DE  RESERCHES  ATMOSPHER I QUES , 
FRANCE-  121-167  ( F TS  C -HT  - 23  - 0 3 0 1 - 1 5 ) *FE  B 5.  1.965#  AD-BO09  838L 
« A THEORETICAL  ANALYSIS  OF  THE  R A D I OE LE C T R I C PROPERTIES  OF 
RAIN  In  THE  0.86  CM  BAND  IS  PERFORMED  USING  THE  STATISTICS 
OBTAINED  BY  KERKER  ON  THE  NO.  AND  SIZE  OF  RAINDROPS  AND  THE 
VALUES  OF  THE  ATTENUATION  ANn  SCATTERING  CROSS  SECTIONS  OF 
THE  DROPS  GIVEN  BY  HERMAN,  BROWNING  AND  BATTON.  IT  IS  ALSO 
SHOWN  THAT  THE  RATIO  BETWEEN  ATTENUATION  AND  INTENSITY  IS 
INDEPENDENT  OF  DROP  SIZE.  THE  EXPERIMENTAL  DEVICES  USED  TO 
CHECK  THE  PROPERTIES  OF  ATTENUATION  IN  THE  RADIO  BAND  ARE 
DESCRIBED.  THE  GENERAL  RESULTS  SHOW  THAT  IT  IS  POSSIBLE  TO 
OVERLOOK  THE  ATTENUATION  DUE  TO  ATMOSPHERIC  GASES  WHEN  USING 
A SHORT  BASE  OF  MEASUREMENTS  (UP  TO  10  KM).  THE  INDEX  OF 
REFRACTION  FOR  WATER  AT  .86  MM  IS  TAKEN  TO  BE  M = 3.98  - 
1X2.37.** 

2 253811  * V OG  EL  , WO  LF  HA  RD  *S  CA  TT  ER  IN  G INTENSITY  PLOTS  AND  TRANS- 
MISSION COEFFICIENTS  FOR  MM  WAVE  PROPAGATION  THROUGH  RAIN# 
CONTRACT  NO.  F33615-71-C-1203  AF AL - T R - 7 1 -3 4 5 #DEC  1971# 

AD-890  408L*THIS  REPORT  PRESENTS  THE  RESULTS  OF  COMPUTER 
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calculations  of  scattering  of  mm  radio  waves  by  rain  and 
mail.  polar  plots  of  the  intensity  of  scattering  are 
SHOWN  FOR  FREQUENCIES  of  30,  loo,  150,  AND  300  GHZ  IM- 
ingle  ^ T * ■ *“  ~ ■ 


PINGING  on  SINGLE  DROPS  RANGING  IN  S I ZE  FROM ’ 6 . 55“Mm"T0 
MM*  S FR0M  i-O  Mm  TO  7*°  MM>  AND  ON  DISTRIBU- 

TION 2u/RAIySR0S  SIZES  ASSORTED  with  RAINFALL  rates  from 
0,25  MH/Hr  TO  150  MM/HR.  IN  ADDITION.  TABLES  A RF  PRESENTED 
*9?rJ1Hf?f«f,RPSRENclES  AIv*d  these  RAINFALL  rates  qf  the 
ATTENUATION  FROM  ABSORPTION  FROM  SCATTERING  THEIR  COMBINA- 
JI9y$AnCTH£r-FRAPTI0Ns  OF  ENERGY  B ACKSC A TTERED  AND  FORWARD 
SCA J,T£atILP§8  RNIT  SOLID  ANGLE  ARE  ALSO  TABULATED  FOR  THE 
RAIN  RATES  STUDIED.  INDICES  OF  REFRACTION  F OR  WATER  AND 
ICE  ARE  GIVEN  (TABLE  2,  PAGE  9)  AT  FREQUENCIES  OF  30,  100. 
150,  AND  300  GHZ.** 

226311C»LAMMERS,  U VE » I NV EST I G A T I ONS  ON  THE  EFFECTS  OF  PRE- 
CP  TATI  ON  ON  MM  WAVE  PROPAGATION:  A PHD  THESIS*NO  ^TECH- 
NICAL UN  I V . BERLIN,  (WEST)  GERMANY*9  SEPT  1975*AD-B0Q6  925L» 
SCATTERING  AND  TOTAL  CROSS  SECTIONS  ARE  COMPUTED,  FOR 
LAmBdai  = 5 MM,  FOR  ALL  RELEVANT  VALUES  OF  THE  COMPLEX  RE- 
FRACTIVE INDEX  AND  of  THE  ratio  OF  THE  CIRCUMFERENCE  TO 
THE  WAVELENGTH.  POLARIZATION  DEPENDENT  EFFFCTS  ARE  STUDIED 
with  a simple  approximation,  measurement  made  with  fm  radar 

FOR  RAIN,  FOG,  AND  DRY  SNOW  AGREE  SATISFACTORILY  WITH  COM- 
PUTED  VALUES.  THE  RESULTS  OF  BACKSCATTER  STUDIES  ARE  ALSO 
REPORTED . DEBYE'S  THEORY  FOR  THE  DIELECTRIC  CHARACTERISTICS 
_9F  WATER  AND  ICE  ARE  USED  IN  THE  CALCULATIONS.  24  REFS.** 
C341119*RICHARD»  VICTOR  W.*MM  WAVE  RADAR  APPLICATION  TO  WEAPON 
SYSTEMS*NO  #* BRL  REPORT  ?63l*jUNE  1976*AD-B012  103L  *APPL I CA - 
T I ONS  OF  MM  WAVE  RADAR  IN  GROUND  TO  AIR,  GROUND  TO  GROUND- 
AND  AIR  TO  GROUND  WEAPONS  SYSTEMS  ARE  PRESENTED.  THE  ADVAN 
TAGES  and  LIMITATIONS  OF  OPERATING  ON  MM  WAVELENGTHS  ARE 
DEFINED  (FREQUENCY  REGION  70-140  GH7).  THE  CHARACTERISTICS 


OF  MM  WAVE  RADAR  PROPAGATION  IN  ADVERSE  WEATHER  ARE  DESCRIBED 
WITH  EMPHASIS  ON  RAIN  BACKSCATTER  AND  ATTENUATION  THEORY, 

„ EXPERIMENTAL  DATA,  AND  RAIN  EFFECTS  ON  RADAR  PERFORMANCE.** 
425181C*GAMBLE , WM.  L.  AND  HODGFNS , TONY  E . *PROPAG AT  I ON  OF  MM 
AND  SUB  MM  WAVES*NO  ^REDSTONE  ARSENAL  REPORT  TE-77-14* JUNE 
1977*AD-B023  622L*THIS  REPORT  PRFSENTS  THE  RESULTS  OF  A 
LITERATURE  SURVEY  OF  THE  EFFECTS  OF  THE  ATMOSPHERE  ON  MM  AND 
SUB  MM  WAVE  PROPAGATION.  THE  REGIONS  INVESTIGATED  WERE  CON- 
FINED TO  A RANGE  OF  35  GHZ  TO  403  GHZ  (735  UM  TO  8.57  MM). 

A SURVEY  OF  EXISTING  THEORETICAL  AND  EXPERIMENTAL  DATA  IS 
PRESENTED  FOR  VARIOUS  ATMOSPHE * 


UNCERTAINTIES  AND  THEIR  EFFECTS 


RIC  CONDITIONS.  METEOROLOGICAL 
R EFFECTS  ON  ATTENUATION  MEASUREMENTS 
AREAS  WHERE  SUPPLEMENTAL  DATA  ARE  REQUIRED 


ARE  DESCRIBED.  _ ...  

FOR  AN  UNDERSTANDING  SUFFICIENT  TO  THE  NEEDS  OF  THE  SYSTEMS 
ENGINEER  ARE  PRESENTED.  50  REFS.** 

524111B*BARRY,  GEORGE;  WOODBURY,  DICK;  AND  ROWE,  PETER*AN 
INVESTIGATION  OF  REPORTED  OVER-THE-HORIZON  PROPAGATION  AT 
35  GHZ*NO  #* NO  #*DEC  1974*AD-B003  692L*AN  EXPERIMENTAL  AND 
THEORETICAL  INVESTIGATION  OF  A RUSSIAN  ARTICLE  "REFRACTIVE 
QUALITIES  OF  THE  STRATOSPHERE  LAYER  EXPOSED  TO  CIRCULAR 
POLARIZED  RADIO  WAVES  INTHE  30-45  GHZ  BAND"  BY  V.A. 
KIVNYEVSKIY  WAS  DONE  TO  DETERMINE  ITS  VERACITY.  THEORETI- 
CALLY, IT  WAS  IMPOSSIBLE!  EXPERIMENTALLY  AT  35  GHZ,  THE 


226 


PATH  LOSS  WAS  70  DB  MORE  THAN  IS  REQUIRED  TO  HAVE  A READABLE 
SIGNAL.  CONCLUSION:  1)  REPORT  A HOAX  OR  2)  CONDITIONS 
EXIST  ONLY  IN  SIBERIA.** 

5?  A 1 8 1 * AL  T . JAMES  S . * A TMOSPHER I c EFFECTS  ON  MM  WAVE  PROPAGA- 
T I ON*  CONTRACT  NO  . F3361.5-70-C-130l*AFAL-TR-71-283*l  OCT  1971* 
AD-88$  104L*LINE  OF  SIGHT  TROPOSPHERIC  PROPAGATION  OF  E & M 

signals. IS  limited_by  amplitude  AND  phase  fluctuations  IN- 

e changes  of  the  atmosphere  in  the 


duced  by  random  refractiv 
propagation. path,  a description  of 


A^DUAL  ANTENNA  SYSTEM 


FOR  nETErTING  AMPLITUDE  ANp  PHASE  DISTURBANCE  iNnUrEn  QN  AN 
UNMODULATED  69  GHZ  CARRIER  IS  PRESENTED.  THE  PHASE  DIFFER- 
ENCE BETyEEN  THE  SIGNAL  RECEIVED  BY  THE  TWO  ANTENNAS  CAN 
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fEuctOatIon?ALa^c$mPuter^£rogram^wh?c^^e$for^s^a 
noNYisSDiscussEDA**  ANd  C°MP,JTER  taterski-s  structure  fun£- 

564161A*LANE,  D.*FEASIBILITY  STUDY  REPORT  BY  N I AG  SUB-GROUP 
5 ON  THE  ACQUISITION  AND  IDENTIFICATION  OF  MARITIME  SURFACE 
TARGETS  WITHOUT  THE  USE  OF  RADAR;  VOL.  III.  MATHEMATICAL 
MODEL*NO  #*NIAG(76)D/4,  VOL.  3;  4 MARCH  1977* JAN  28 . 1978* 
AD-B024  377L*THIS  IS  A TV  AND  IR  (8-12  MM)  MODEL  BASED  ON  AN 
ENGAGEMENT  SCENARIO  of  an  aircraft  searching  for  sh^p-type  w 
targets  through  an  atmosphere  scattering  and  attenuating 

THE  VISIBLE  AND  IR  LIGHT  WHICH  IS  EMITTED  OR  REFLECTED  FROM 
™§  TARGET.  FROM  THE  MODELS.  IT  IS  APPARENT  THAT  LOW  LIGHT 
TVS  ARE  BEING  MOdELEq.** 

5651A19*F INN . R.S.;  STANTON.  M.J.;  AND  STEPHENS.  T . L . *EN V I RON- 
MENTAL  EFFECTS  - LASERS  (EEL)  CODE  MODEL  DEVELOPMENT  Pi  AN* 
DA5G60-77-C-  00  4A*GE77TMP-31*N0V  17.  1 9*77*AD-B02?  974L*A 
MODEL  DEVELOPMENT  PLAN  FOR  The  ENVIRONMENTAL  EFFECTS  - LASER 
(EEL)  COMPUTER  PROGRAM  IS  DESCRIBED.  THE  PROGRAM  MODELS 
LASER  PROPAGATION  IN  THE  AMBIENT  AND  NUCLEAR  DISTURBED 
ATMOSPHERE*  the  OUTPUT  BEING  APPLICABLE  TO  THE  ANALYSIS  OF 
LADAR  AND  LASER  WEAPONS  SYSTEMS  USED  IN  BALLISTIC  MISSILE 
defense,** 

A241819*WEATHERS , G.  AND  GRAF,  E.R.* DESIGN  OF  EXPERIMENTS  TO 
PSA5AGTf R 1 ZP  JH§  PROPAGATION  OF  MILLIMETER  WAVES  ON  AEROSOLS* 
NO  And  S COMPUTING  INC.,  REPORT  77-107»SEPT  1 977*AD-B02l 

851L*THIS  REPORT  INCLUDES  THE  DESCRIPTION  OF  SEVERAL  EXPERI- 
MENTS TO  CHARACTERIZE  THE  PROPAGATION  OF  ELECTROMAGNETIC 
RADIATION  AT  MM  WAVELENGTH  (APPARENTLY  7Q-340  GHZ),  THROUGH 
AEROSOLS.  SMOKE.  A DETAILED  LIST  OF  EQUIPMENT  IS  INCLUDED. 

NO  DATA  WAS  TAKEN,  AS  THE  PURPOSE  WAS  TO  OUTLINE  THE  EXPERI- 
MENTAL SETUP  NEEDED  TO  DO  THE  JOB.** 

A64191K* DI NERM AN , C.E.;  LOHKAMP,  C-J  AND  JOHNSON.  D,*AEROSOL 
OBSCURANT  MEASUREMENT  CAP AB  I L I T I ES*NWSC/CR/RDTR-43*N0 #* 

OCT  1976*AD-B015  065L*THE  PURPOSE  OF  THIS  REPORT  IS  TO  VALI- 
DATE THE  CAPABILITY  OF  N A VWPNSUPPLEN  CRANE  TO  MEASURE  TRANS- 
MI TT ANCF  OF  AEROSOL  OBSCURANTS  IN  THE  VISIBLE  AND  IR  AS  WELL 
AS  PARTICLE  SIZE  DISTRIBUTION  BOTH  IN  THE  LABORATORY  AND 
IN  THE  FIELD.  THIS  REPORT  DESCRIBES  THE  PROCEDURES  AND  IN- 
STRUMENTATION UTILIZED  FOR  The  MEASUREMENTS  AND  PRESENT 


DATA  TO  PROVI 

can  be  ortainE 


E EXAMPLES  OF  the  TYPE  OF  INFORMATION  WHICH 
D,  NAVWPI VCENCRANE  has  THE  CAPABILITY  TO  MAKE 


LABORATORY  AND  FIELD  SPECTRAL  AND'/OR  RADIOMETRIC  TRANSMIT- 
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TANCE  measurements,  as  well 
of  materials  that  may  be  us 
an  be  taken  (as  fast  as  10 

1. 2-4.7  UM  AND  9-14  UM 


rAN 
DM  . 


BE  TAKEN 
AND  B UM 

changes,  the 
FROM  .009  TO 
UPWARDS  USING  A 
A64381D*SARK ISOV 
NO  #*D 
ME^SUR 


AS  PARTICLE  SIZE  DISTRIBUTIONS 
D AS  AEROSOL  OBSCURANTS.  SPECTRA 
SPECTRA/Str)  IN  THE  0.65-1.79 
GIONS.  RADIOMETRIC  DATA  CAN 


PARTICLE  SIZ 
5 UM  USING  A 


FILLER  COLLE 
S.L.  AND  STE 


TWO-STAGE 

COLLECTED 


THE  VISIBLE,  .9-1.06  UM,  .96-2.69  UM.  3-5  UM. 

GIONS.  OTHER  REGIONS  ARE  ACCESSIBLE  BY  FILTER 

S THAT  CAN  Rt  MEASURED  RANG- 
AEROSOL  ANALYZER,  AND  1 UM 
TION  SYSTEM** 

ONOV,  S.  I ,*FTD-ln-(RS)T-03l4-77* 

* TH  I S REPORT  COVERS  DISTANCE 
. . ING  AEROSOLS  WITH  THE  AID  OF 

ONDENSATION  IMPACTER  TRAPS.  WITH  THE  PARTICLE  SIZE 
EING  FROM  .01  MESOMETERS  TO  10.  OF  MICRONS.  FLIGHTS 


C 7,  1977*AD-B023  365 
MENTS  NATURALLY  OCCUR 


WERE  CONnUCTED  AND  IN  TH 


- - 'DUC 

CITY  DISTRICT  OF  SHEVCHE 
NORTH  CAyACASUS  IN  THE  “ 


FOLLOWING  REGIONS;  DESERT  IN  THE 
CnKO,  KRASNOVODSKI ! CASPIAN  SEA,  THE 
REGION  OF  MAKHACHKALA,  KIZLYAR, 


STAVROPOL,  NOLISHIK.  KRASNODAR;  BLACK  SEA.  SAMPLES  WERE 
TAKEN  AT  HEIGHTS  OF  50,  100-  500,  1000,  1500  METEPS  - UP  tq 
5500  METERS  AROVE  SEA  LEVEL.  MICROPHYSICAL  MEASUREMENTS 
WERE  ACCOMPANIED  BY  THE  MEASUREMENTS  OF  THE  PARAMETERS  OF 
THE  STATE  OF  THE  ATMOSPHERE.** 

A65391C*HANC0CK,  J.  HARRISON  AND  LIVINGSTON-  PETER  M,*PROGRAM 
FOR  CALCULATING  MIE  SCATTERING  FOR  SPHERES  USING  KERKER'S 
FORMULATION,  OVER  A SPECIFIED  PARTICLE  SIZE  DISTRIBUTION* 

NO.  #*NRL  REPORT  NO.  7808*N0V  21,  1974*AD-BQ00  656L*A  FORTRAN 
PROGRAM  HAS  BEEN  WRITTEN  FOR  CALCULATING  THE  MIE  SCATTERING 
FOR  SPHERES  WITH  A COMPLEX  INDEX  OF  REFRACTION.  THE  SCAT- 
TERED POWER  IS  EXPRESSED  NUMERICALLY  AS  A CONVERGENT  SERIES 
AND  THE  RESULT  IS  INTEGRATED  OVER  A GIVEN  PARTICLE  DISTRIBU- 
TION. the  program  provides  two  options;  aj  scattered  in- 
tensities IN  A DIRECTION  GIVEN  BY  THE  POLAR  ANGLE  AND  THE 
COLATITUDE,  AND  B)  INTENSITY  FUNCTIONS  DEFINED  IN  TERMS  OF 
integrals  WITH  RESPECT  TO  the  MIE  SIZE  parameter.** 

A661961*RUHNKE,  LOTHER  H.,  ED  I TOR*PROCEED I NGS  OF  A WORKSHOP  ON 
REMOTE  SENSING  OF  THE  MARINE  ENV I RONME NT *F52 33 1*NRL  REPORT  MO. 
34 30 * JUNE  1977«AD-BQ?3  449L*THIS  REPORT  CONTAINS  PAPERS  PRE- 
SENTED AT  A MEETING  ON  NAVY  NEEDS  IN  REMOTE  SENSING  AND  THE 
STATE-OF-THE-ART  OF  ATMOSPHERIC  REMOTE  SENSING.  PRESENTATIONS 
WERE  GIVEN  ON  A DEGR ACTION  OF  THE  MARINE  ENVIRONMENT,  NAVY 
NEEDS  FOR  ATMOSPHERIC  MEASUREMENTS,  AND  ACTIVE  AS  WELL  AS 
PASSIVE  REMOTE  SENSING  USING  I R . MICROWAVES  AND  ACOUTICS 
TECHNIQUES . ** 

A66 1816*S I GEL  » V.L.  AND  DUKHIN,  S . S .* AEROSOLS , OUR  FRIENDS, 

OUR  ENEMIES*FTD-ID(RS)T-0977-77*NO  #*JUNE  1977*Ad-B023  139L* 
THIS  IS  A LONG  RAMBLING  DISCUSSION  ON  AEROSOLS  BY  TWO  RUSSIAN 
AUTHORS.  THEY  DISCUSS  HOW  AEROSOLS  ARE  MADE,  MEASURED  (VI- 
SIBLE LIGHT)  AND  WHAT  SUBSTANCES  CAUSE  AEROSOL  FORMATION  IN 
THEIR  MANUFACTURING  PROCESSES.** 

A66461A*I VLEV.  L.S.;  YANCHENKO,  YE.L;  AND  SPAZHAKINU-  M.K.* 
EFFECTS  OF  THE  MICROSTRUCTURE  AND  SIZE  DISTRIBUTION  OF  AERO- 
SOL PARTICLES  AND  OPTICAL  PROPERTIES  OF  AEROSOLS*NO  #*FSTC" 
1668-75*13  DEC  1975*AD-B0l3  655L*THE  AUTHORS  DISCUSS  CALCU- 
LATED DATA  ON  THE  OPTICAL  PROPERTIES  OF  ABSORBING  POLY  DIS- 
PERSED ATMOSPHERIC  AEROSOLS.  CORRELATIONS  BETWEEN  THE  AERO- 
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SOL  STRUCTURE  AND  THE  OPTICAL  PROPERTIES  ARE  POINTED  OUT. 
CONCLUSIONS  ARE  PRESENTED  ON  THE  POSSIBILITY  OF  INVESTIGA- 
TING THE  AEROSOL  STRUCTURES  BY  MEANS  OF  EXPERIMENTAL  EXTINC- 
TION AND  INTERPRETATION  OF  . Ba  CKSc  AT  TER  I NG  RATA.*# 

B64i 6l7*SUDNUZAR0U»  KH.E.#THE  VERTICAL  EXTENT  OF  HAZE  LAYER 
OVER  CENTRAL  ASIA*N0  #»FSTC-0367-76*28  NOV  1976*AD-BQ17  158L 
THIS  DESCRIBES  A SET  OF  AIRCRAFT  OBSERVATIONS  OF  HAZE  AND 
DUST  STORM  OVER  THF  TASHKENT  OF  RUSSIA.  THE  AUTHOR  RElATES 
THE  AIR  PRESSURE  AND  WIND  CONDITIONS  TO  THE  FORMATION  OF 
THFSE  HAZES  AND  DUST  STORMS.  DATA  OF  THIS  TYPE  IS  PROFITABLE 
FOR  USE  AS  A MODEL  FOR  MM  WAVING  LIGHT  TRANSMISSIONS.#* 
C141718»CREPEAU,  PAUL  J.*TOPICS  IN  NAVAL  TELECOMMUNICATIONS 
MEDIA  ANALYSIS*NO  #*NRL  REPORT  NO.  8Q80*DEC,  31.  1976*AD- 

B 0 1 6 496l*T0  MEET  ITS  MISSION  REQUIREMENTS,  THE  NAVY  EMPlOYS 

various  forms  of  transmission  modes  throughout  the  frequency 

CONTINUUM.  IN  THIS  REPORT.  DATA  FROM  SEVERAL  RECENT  MfDU 
STUDIES  ARE  COLLATED  TO  PROVIDE  A BASIS  FOR  ASSESSING  TRANS- 
MISSION performance  in  the  different  frequency  bands  and 
ASSOCIATED  MEDIA.  bands:  HF  through  35  GHZ.*# 

C2411 18#F0RAL  t M, ^MILLIMETER  RADAR  I NVEST  I G AT  I ON*NO  #*NADC-20- 
73013*26  MAR  1973*AD-910  l57L#THIS  IS  A TEST  REPORT  ON  THE 
FIRST  EFFECTIVE  95  GHZ  RADAR  THAT  WAS  CONDUCTED  WITH  VARIOUS 
TARGETS  OVER  LAND,  SNOW  AND  WATER.  THE  RESULTS  OF  THESE 
TESTS  AND  POSSIBLE  APPLICATIONS  OF  THE  RADAR  ARE  DISCUSSED. 
SYSTEM  PERFORMANCE  FIGURES.  RELATING  TO  DB  ABOVE  MINIMAL 
DESIRABLE  SIGNAL,  FOR  A VARIETY  OF  TARGET.  CORNER  REFLECTORS 
TO  NO.  26  COPPER  WIRE  ARE  GIVEN.** 

C24311C«ZIZ70,  E.A.;  KRICEK,  J.V.5  SOONG,  A.;  AND  KOESTER. 

K.L  *MM  SURVEILLANCE  RADAR  F QR  THE  MINI  RPV*CONTRACT  NO. 
DAa607-76-C-0843*NO  #*30  JUNE  1977*AD-B020  114L*A  95-GHZ 
SURVEILLANCE  RADAR  BRASS  BOARn  HAS  BEEN  DESIGNED.  FABRICATED 
AND  TESTED.  IT  IS  A FUNCTIONAL  REPRESENTATIVE  OF  A MINIA- 
TURIZED PRODUCTION  95  GHZ  RADAR  SYSTEM  CARRIED  ABOARD  A MINI 
RPV.  THE  TACTICAL  FUNCTION  OF  THE  SENSOR  IS  TO  DETECT  AND 
RECOGNIZE  HARD  TARGETS  SUCH  AS  TANKS,  TRUCKS-  AND  ARTILLERY 
PIECES  IN  THE  cOmBat  ZONE  BEyOND  THE  FORWARD  EDGE  OF  THE 

battle  area  (febaj.  this  report  describes  the  mm  radar 

BRASS  80ARD,  ITS  ASSOCIATED  INSTRUMENTATION,  GROUND  TESTING 
RESULTS,  AND  recommendations.#*  _ _ 

C2 41 12 C*K APUSC I E NSK I , STANLEY  J.,  ET  A L . *M  I LL I ME TE R WAVE 
COMMUNICATIONS  PROGRAM:  LINK  TEST  OF  HIGH-SPEED  DIGITAL 
RADIO  SET  AN/GRC-173(XW-1)*N0  #* R A DC - T R- 74 -3 29 # JUN  1975* 
AD-B002  666L*TH I S DESCRIBES  THE  RESULTS  OF  FIELD 
TESTING  THE  AN/GRC-173 ( Xwl > RADIO  SET  IN  THE  WASHINGTON. 

DC  AREA.  THIS  SET  OPERATING  IN  THE  36-38  TO  GHZ  BAND, 

HAVING  A BAND  WIDTH  OF  236  MEG AB I T S/ SE C . PROPAGATION  DATA 
SHOWED  THAT  THIS  RADIO  CLINE  OF  SIGHT)  RECEPTION  PATH 
AVAILABILITY  WAS  99.99%  FOR  A 3-MONTH  PERIOD  WHICH  INCLUDED 
RAINFALL,  SNOW,  AND  FOG.  THE  CONCLUSION  DRAWN  WAS  THAT  THIS 
SET  FULFILLED  ITS  DESIGN  REQUIREMENTS  FOR  L I NE -OF- S I GH T 
COMMUNICATIONS.**  . . 

C24171A*TSA0,  K . H . * K A BAND  SATELLITE  COMMUNICATIONS  SET  AN/ASC- 
22*F33615-73-C-4036#MAR  1976*AD-B016  243L*THIS  REPORT 
DESCRIBES  THE  DESIGN  AND  DEVELOPMENT  OF  THE  KA  BaNd 
SATELLITE  COMMUNICATIONS  SET,  AN/ASC-22.  THE  SET 
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OPERATES  IN  THE  36-38.3  GHZ  BAND  AND  IS  FOR  AIRBORnF 
COMMUNICATIONS  EXPERIMENTS  WITH  THE  LINCOLN  EXPERIMENTAL 
mdTiEVmJTt§amcu7ttA!^D  leS-9.  THIS  terminal  INCLUDES  an 
at  t I5Ae«tUITER'  DOWN-LINK  receiver,  frequency^ 

AEC-135  AiRCRaFW*AND  a hi°h  TRaNSMI  ttaNCF  RAqOmE  for 

C24311F*S°0NG.  a,a‘;  CANELI.  J.M.;  KOSOWSKY,  L.H.  AND  KOESTER. 
nckn^  MM  RADAR  TEST  P R 0 G R A M * C 0 N T R A 0 T NQ  . D A A HO 1 - R- 0 0 1 0 oNORpEN 
REP°RTTe-CR-77-6^APRIL  27,  1976#Ad-B0i7  830L»A  SERIES  OF 
RADAR  EXPERIMENTS  ON  TARGET  CROSS  SECTION  AND  POLARIZATION 
?uc?cCtapI?J  ICS  HAS  BEEN  PERFORMED  AT  4.3  MM  WAVELENGTH. 
THESE  TACTICAL  TARGETS  (TANKS.  ARMORED  PERSONNEL  CARRIER, 

AND  JEEP)  AND  FOUR  DIFFERENT  CLUTTER  BACKGROUNDS  (MEADOW 

shrubbery,  brush,  and  woods)  were  employed  for  the  experi - 
SinJr..L<TW9.^DAR  PARAMETERS  were  varied  in  the  MEASUREMENT 
PROGRAM?  NAMELY,  PULSEWIDTH  (20,  45.  AND  70  NS ) , AND  POL AR- 
IZATION.  TARGET  AND  CLUTTER  CROSS  SECTION  (PLS)  AND  AMPLI- 

iyR,EPDl§TRlPuroN  were  investigated  AS  A FUNCTION  OF  aspect 

HD?^f?rj§Pi!^E4x4H,NEl5  using  a pulse  t°  pulse 
casI^5JSiiIfe.??5Bse‘-iS??-*BSB85B 1 ?S5;SS,'gSNsascSM»8e  Ifflh5.' 

METER  WAS  DESIGNED,  FABRICATED  AND  TESTED.  A PROPAGATION 
MEASUREMENT  SENSITIVITY  OF  3,5  DEO  K WAS  ACHIEVED  WITH  A 
150 I HZ  output  BANDWIDTH.  radiometer  NOISE  FIGURE  AND  IF 
WERE  12 ' 3 PB  AND  730  MHZ.  GOVERNMENT  FURNISHED 

lKmATI,pk2£pk19P£IliLATOR  and  mixer  using  a wire  evaluator 
and £N£R5P2RAT£D  INT0  THE  radiometer,  the  radiometer  is 
ttpmC£82P|v££  T0IAL  POWER  RADIOMETER  with  periodic  calisra- 

vs°Ajg?^jNE^T^pi;isD^pEi^5uA;}NiM^gJiSLis0^R^j0NS 

t!mperaturIGsenIit{vi*ty?“PE^sat^pa*  P0R  ENV,R0NM6NTAI- 

C341B19»N0  #*SUBMILL IMETER  WAVE  SUBSYSTEMS»NO  (MSCIF.NCE  APPLI- 
9All0NS.  INC./U.S,  ARMY  MISSILE  R«D  command,  REDSTONE 
ARSENAL*30  SEPT  1977»AD-B021  010L*THIS  DESCRIBES  A SUB  MM 

0”902  L^SERS  ARE  USED  TO  GENERATE  A 
FREQUENCY  IN  THE  SUB  MM  REGION  (EXACT  8 AND 
NOT  GIVEN).  THE  ELECTRONIC  CIRCUITRY  ARE  GIVEN,  IN  DETAIL- 
THAT  were  used  to  PHASE  LOCK  THE  2-C02  LASERS  TOGETHER 
WITH  PZT  PIEZOELECTRIC  DEVICES  IN  A FABRY  PEROT -L ASPR 
CAV I T Y , ** 

C3u  TP?-?2rfPtiE?Au?i  BELANGER,  B.;  DOMlZIO-  R.D.!  AND  SMITH,  P.» 
MILLIMETER  SEMIACTIVE  GUIDANCE  SYSTEM*NO  #*NQV  19 76 »A D-BO 17 
829L»THE  CONCEPT  INVOLVES  THE  USE  OF  A MM  ILLUMINATOR 
MOUNTED  ON  AN  RPV  AIRCRAFT  ON  THE  GROUND,  ILLUMINATING  A 
GROUND  VEHICLE  SEEKER  TARGET,  AND  A SEEKER  MOUNTED  IN  A 
PROJECTILE  OR  SIMILAR  WEAPON  AND  GUIDING  THE  WEAPON  TO  THE 
ILLUMINATED  TARGET.  TRADEOFF  STUDIES  WERE  CONDUCTED  TO 
DETERMINE  THEOPTIMUM  ILLUMINATOR  WAVEFORM  AND  OPTIMUM 
SEEKER  DESIGN.  ANALYSIS  Or  DETECTION  CAPABILITIES  AND 
I.R^C|5  IN2r,APCURACY  WEB?  PERFORMED  FOR  BOTH  CLEAR  WEATHER 
AND  ADVERSE  WEATHER  CONDITIONS. 

C445818*TYSL,  VACLAV*NEW  PRINCIPLES  FOR  THE  CONTRUCTIONS  OF 
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SOME  MICROWAVE  COMPONENTS  IN  THE  MM  AND  SUB  MM  WAVELENGTH 
REGION*NO  #*12TH  INTERNATIONAL  SCIENTIFIC  SYMPOSIUM,  TECHNI- 
CAL COLLEGE,  ILMENOUR,  EAST  GERMANY,  1967,  ( FTSC-0059-75  ) * 

12  AUG  1975*AD-B0.10  324L*ThE  AUTHOR  DESCRIBES  SEVERAL  MM 
WAVE  REFLECTOMETER  DEVICES  THAT  MAY  BE  OF  VALUE  FOR  MEASURE- 
MENTS OF  DIELECTRIC  CONSTANTS  IN  THE  MM  SUB  MM  WAVELENGTH 
region:  QUASI -OPT ICAL  techniques  ARE  USED.,** 

Dl5111B*F4NSLER,  KEVIN  S.*ON  THE  FREE  ELECTION  DENSITY  IN  A 
NUCLEAR  BLAST  EN V I RONMENTaNO  #*BRL~MR-2688*ll  SEPT  1 976* 
AD-B014  2 4 OL  * A TECHNIQUE  IS  PRESENTED  FOR  I NCLUD I NG~TRANS- 


FCTS  FO 

nl SCUSSE  q.  IN  A D D IT  ION 
ESTIMATE  an  - 


PORT  effects  IN  Calculating  THE  free  electron  densities 

A NUCLEAR  BLAST  WITH  A MODIFIED  WEPH-D  CODE.  TRANSPORT 
EFF E^TS  FOR  DIFFERENT  ALTITUDfS  AND  TIMFS  ARE  SHOWN  AND 

" HAS  BEEN  DEVELOPED  T 

ROM  EQUILIBRIUM  IN  A 

wave  scaling  theory, 

BE  NEAR  EQUILIBRIUM 

may  then  be  approxim  __ 

^TN§ASSgTS8iprii4?  »H2N 

MAGNETIC  TAPE  OF  OVER  109,000 
3,  02,  C02,  CO,  N20,  AND  CH4 
UM  AND  3.26  MM,  WITH  A FEW  EXCEPTIONS.  COPIE 
ARE  AVAILABLE  FOR  $60  FROM  U.S.  DEPARTMENT  OF 
IONAL  CLIMACTIC  CENTER,  FEDERAL  BUILDING, 


_ . . A MFTHOn  HAS 

- . ..  UPPER  BOUND  DISTANCE  FROM 

NUCLEAR  BLAST.  BY  APPLYING  BLAST 

ELECTRON  DJSTRIBUTION  WAS  FOUND  TO  BE  NEAR  'EQU I L I BR I UM  IN~ 

A SPECIFIC  REGION;  THE  BLAST  WAVE  MAY  THEN  BE  APPROXIMATED 
543181  *MCCLATCHEY,  R.M.,  ET  ALa*N0  #*ATMQSPHERIC  ABSORPTION 

LINE  PARAMETER  COMP  I L A T I ON*  A -1 

73-0096»1973*NO  #*THIS  IS  A 

KNOWN  TRANSACTIONS  OF  H20,  03,  02,  C02 , CO,  N20,  AND  CH4 
BETWEEN  0.76  UM  AND  3.26  MM,  WITH  A FEW  EXCEPTIONS. 

OF  THIS  TAPE  ARE  A ~ - ' “ 5 

COMMERCE,  NATIONAL  _ 

ASHVILLE,  NORTH  CAROLINA  28801.** 

A62192E*BAKER,  L.RAY;  AND  PINKLEY,  LARY  W.*A  GUIDE  FOR  USERS 
OF  THE  JTCG/ME  SMOKE  OBSERVATION  MODEL  II:  SQM  Tl  COMPUTER 
CODE*CONTRACT  NO.  DAAK40-77C-0141*LMSC-HREC-TR,  D568206* 
w?i,i9Z8ftN9  #?THIS  IS  A COMPUTER  CODE  USAGE  GUIDE  FOR  A 
VISIBLE  ( .4-. 7 UM)  AND  I.R.  (.7-14.0  UM)  SMOKE  OBSERVATION 
MODEL,  SOM  II.  THIS  MODEL  HAS  IN  IT  A MUNITION  DISPERSAL 
MODULE-  A CONTROL  MODULE-  AN  OPTICS  MODEULE  (WHICH  CONTAINS 
PARTICLE  SIZE  DISTRIBUTION  MODELS,  MlE  MODEL,  ATMOSPHERIC 
AND  ADVERSE  WEATHER  MODELS  INCLUDING  THE  LOwTRAN  I. IB 
NWC/LOWTRAN  COMPUTER  MODEL-  A SENSOR  MODULE,  MECHANICAL 
MODULE,  AND  PERCEPTION  MODULE.  IT  APPEARS  THAT  A GOAL 
OF  MM  WAVE  MODELING  WOULD  BE  TO  GENERATE  AN  "OPTICS 
MODULE''  SO  THAT  A PROGRAM  LIKE  THIS  WOULD  APPLY  TO  MM 
WAVES  AS  WELL.** 

A6^?^?¥9r?,^9INJ  TECHNICAL  COORDINATING  GROUP  FOR  MUNITIONS 
EFFECTIVENESS:  SMOKb-AN  OBSERVATION  PR  I M ER *0  ON TR AC T NO 
F08635_/7-C-0273*61  JICG/ME-77-13*4  NOV  1 977*N0  #*TH  I S IS 
A CONFERENCE  PROCEEDING  ON  SMOKE  OBSERVATION  GIVEN  AT  A 


** 


IN,  AT  THE  UNIVERSITY  OF 
11-22,  1978.  THE  PURPOSE 


SHORT  COURSE  ON  SMOKE  OBSERVATI 
TENNESSEE  SPACE  INSTITUTE,  FeR  ; 

OF  THIS  SET  OF  TALKS  IS  TO  ACQUAINT  U.S.  MILITARY  PERSONNEL 
AND  CONTRACTORS  WITH  THE  MILITARY  USAGES  OF  SMOKE.  I? 
DESCRIBES  THE  CHEMICAL  CONSTITUENTS  OF  ORDINARY  OBSCURANTS, 
SOVIET  MILITARY  PRACTICES,  anp  U.S.  military  uses:  NO 
MENTION  of  FAR  IR  or  MM  WAVES  IS  MACE  HERE;  THIS  IS  INCLUDED 
AS  A SOURCE  DOCUMENT  FOR  THE  tY?ES  OF  CHEM ICALST HAT  SHOULD 

TRANSMISSION1* „FUTURE  FAR  IR  " SUB  MM  M°DPLING  OF  ATMOSPHERIC 

A6?5817*BALDASSARE  D IB ARTOLO«OPT I C AL  INTERACTIONS  IN  SOLlDS*JOHN 
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WILEY  CO.aNO  #*1968»N0  #*"THE  PURPOSE  OF  THIS  BOOK  IS  TO  PROVIDE 
PHYSICISTS  WORKING  WITH  LASERS  AND  ABSORPTION  AND  FI  OURESENCE 

SPECTROSrOPY  WITH  A THEORETIrAI  BACKGROUND" TOPICS  DISCUSSED 

RELATE  TO  CALCULATION  OF  ABSORPTION  AND  LOSS  IN  DIELECTRICS 
ANn  EMISSION  OF  LIGHT*  AND  ArE  OF  INTEREST  IN  MM  AND  SU9  MM 
OIELECTRIC  CALcUlAT IONS** 

A325816»MAX  BORN  AnD_KUN_HUANG*” DYNAMICAL  THEORY  OF  CRYSTAL 


LATTInES”» OXFORD’  CLARENDON  PRESSaNO 
DISCUSSES  the  dielectric  behavior  OF 
IMPORTANCE  RE-AEROSOL  SCATTERING  AND 
SOURCE  BOOK  OF  CALCULATIONS  OF  INDEX 

dielectric  constants** 

A335AI6*TH0MAS  S.  HARTWlCK  AND  DEAN  T 
SUB  MM  WAVE  TECHNOLOGY  / 

of  the  society  of  photo-opti 
*NO  #*APRIL  197 7 *no  #*this  I 
APRIL  18-21*  1977  AT  RESTON 


*l954aNQ  # * T H I S TEXT 

ANY  OF  the  crystals  OF 
attenuation,  AND  IS  a 
OF  REFRACTION  AND 


HODGES- 


OF  APPLICATION  HERE  SO  WILL  NOT  BE 
113181J*DARRELL  E.  BURCH*ABSORPT I ON  0 
AND  H20  III,  ABSORPTION  BY  H?0  BETWEEN 
2 CM)*NO  #* J , 0 . S . A . VOL  58  NO.  10*P  138 


EDS'.*"FAR  IR/ 
APPLICATlONS"*VOL . 105,  PROCEEDINGS 

' ' :al  instrumentation  engineers* 

5 A COLLECTION  OF  PAPERS  GIVEN 
VA.  MOST  OF  THE  ARTICLES  WOULD  BE 


LISTED  S 
F IR  RAD 


INTERFEROMAT IC 
H20  ABSORPTION 
THE  EXPERIM  “ 
0.5  CM -1  AN 
CALCULATED 
DETERMINED 


PARATELTY** 
ANT  ENERGY  BY 
g.5  AND  36  CM-K27! 


TECH 

BETW  

NT  AL  RESULTS*  A 
10  CM - 1 BY  OTH 


■1394*N0  #*OC 


CO  2 
UM- 
68« 


LINES 
OF  THE 


VALUES 
POSI~~ 


FROM  THESE 

.well-known 


IQUES  HAVE  BEEN  EMPLOYED  TO  MEASURE  THE 
EN  APPROXIMATELY  12.6  CM-1  AND  36.0  CM-1. 

' ONG  WITH  RESULTS  OBTAINED  BtTWEFN 
R WORKERS,  HAVE  BEEN  COMPARED  WITH 
OF  TRANSMITTANCE  BASED  ON  THEORETICALLY 
TIONS,  STRENGTHS*  WIDTHS*  AND  SHAPES  OF  ABSORPTION 


COMPARISONS 

THEORETICA 


EXTREME  WINGS  OF  THE  H20  LINES 
THE  AMOUNT  OF  CONTINUUM  ABSORPT 
THEORETICAL  ABSORPTION  COEFFlcI 
THE  EXPERIMENTAL  RESULTS  HAS  BE 
BROADENED  LINES.  A TABLE  OF  THE 
CLUDED*  ALONG  WITH  A DISCUSSION 
‘ III"' 


IT  HAS  BEi 
LINE  SHAPI 


IELOW  APPROXIMAT 


ION  WHICH  MUST  B 


:OME  APPARENT  THAT 
:S  ARE  CORRECT  FOR 


NONE 

THE 


the 


40  CM-1. 

DED  TO  THE 

MENT  WITH 

R N2  AND  SELF- 
HAS  BEEN  IN- 
PROcEpURE  TO  BE  "OLLOWEl 


LY 
A 

NT  TO  PROVIDE  AGRE 
:N  DETERMINED  F “ 
LINE  PARAMETER 
)F 


NG  THE  TRANSMITTANCE  OF  HOMOGENOUS  AND  INHOMOGENOUI 


IN  CALCULA 
PATHS** 

A63561M*TH0MAS  H.  NYMAN,  KENNETH  W.  RUGGLES,  ET.AL.*  EDITORS* 
"PROCEEDINGS  OF  THE  OPTICAL-SUB  MM  ATMOSPHERIC  PROPAGATION 
CONFERENCE".  VOL  I,  UNCLASSIFIED  PROCEEDINGS*  6-9  DEC.  1976, 

A.  F.  ACADEMY*NO  #*DEC  1976*N0  #*THIS  REPORT  IS  ONE  OF  A 2 VOL. 
SET  SUBMITTED  FOR  PRESENTATION  AT  THE  OPTICAL-SUB  MM  ATMOSPHERIC 
PROPAGATION  CONFERENCE  HELD  AT  THE  U.S.A.F.  ACADEMY  ON  6-9  DEC. 
1976.  VOL. I CONTAINS  ALL  THE  UNCLASSIFIED  PAPERS.  VOL.  II  CONTAI 
THE  CLASSIFIED  PAPERS.  PAPERS  OF  RELEVANCE  TO  MM  AND  SUB  MM  WAV 
PROPAGATION  IN  VOL. I ARE  AS  FOLLOWS;  #3*"SUB  MM  WAVE  PROPAGATION 
A SURVEY",  BY  W.L.  GAMBLE  AND  8 . D . GUNTHER;  #4,  "SUB  MM  SYSTEM 
FOR  IMAGING  THROUGH  INCLEMENT  WEATHER"  , BY  R.  HARTMANN,  W.L. 
GAMBLE.  ET.ALJ  #9.  "ATMOSPHERIC  TRANSMISSION  MODELING:  PROPOSED 
AEROSOL  METHODOLOGY  WITH  APPLICATION  TO  THE  GRAFENWOHR  ATMOS- 
PHERIC OPTICS  DATA  BASE",  ROBERT  E.  ROBERTS.;  #10*  "COMPLEX 

REFRACTION  INDEX  OF  ATMOSPHERIC  PARTICULATE  MATTER ".  JAMES 

D.  LINDBERG  AND  JAMES  B.  GILLESPIE;  #14*  "THE  NATURE  OF  GUN 
SMOKE  AND  DUST  OBSCURATION  DUE  TO  CANNON  FIRING",  E.W.  STUEBERG 
ET.AL.,*  #15.  "OPTICAL  AEROSOL  MODELS  AND  LIGHT  SCATTERING  PRO- 
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GRAMS".  R.W.  FENN  AND  E.P.  SHETTLE;  #12.  "EFFECT  OF  RELATIVE 
HUMIDITY  ON  AEROSOL  SIZE  DISTRIBUTION  AND  VISIBILITY",  J.W. 

Fitzgerald:  #27,  "an  aerosol  measurement  system  for  laser  / 

AEROSOL  INTERACTION  STUDIES",  G.L.  TRUSTY  AND  T.H.  COSDEN** 
5111799*BERNARD  GOLDBERG  AND  JAMES  M I NK*COMMUN I C AT  I ON  CHANNELS 
CHARACTERIZATION  AND  BEHAVIOR"  PART  IX,  MILLIMETER  WAVES»IE 


(4) 


PRESS,  REPRINT  VOLUME»NO  #*1976*N0  # * T H I S IS  A COLLECTION 
OF  REPORTS  ON  MM  WAVE  COMMUNICATIONS,  AND  A BIBLIOGRAPHY  OF  100 
REFERENCES  ON  MM  WAVE  PROPAGATION,  TECHNOLOGY,  DEVICES,  CHANNEL 
MODELING.  THE  4 REPRINTS  OF  THE  R I BL  I OGRAPH I C AL  COLLECTION  ARE; 
"THE  THEORY  OF  M WAVE  LINE  OF  SIGHT  PROPAGATION  THROUGH  A 
TURBULENT  ATMOSPHERE",  S.  CLIFFORD,  IEEE  TRANSACTIONS  ON  ANTENNAS 
AND  PROPAGATION,  "PROPAGATION  STUDIES  IN  MM  WAVE  LINK  SYSTEMS", 
G.E.  WERBEL  ANn  H.O.  DRESSEL,  PROC.  IEEE,  APRIL  '67.  "PROPAGATION 
PHENOMENON  AFFECTING  SATELLITE  COMMUNICATIONS  SYSTEM  OPERATING 
IN  THE  CM  AND  MM  WAVE  LENGTH  BANDS",  R.K,  CRANE.  "PROC.  IEEE 
FEB.  '71,  AND  "CHARACTERISTICS  OF  AN  EXPERIMENTAL  GUIDED  MM  WAVE 
TRANSMISSION  SYSTEM",  K.  MIYaSUCHI.  Et.AL.,  IEEE  TRANS.  COMM., 
AUG.  * / 2 * * 
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and  Readiness  Command 
ATTN:  DRCSF-S 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1 Commander 

US  Army  Materiel  Development 
and  Readiness  Command 
ATTN:  DRCDMD-ST,  Mr.  N.  Klein 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1 Commander 

US  Army  Materiel  Development 
and  Readiness  Command 
ATTN:  DRCBI,  COL  Gearin 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1 Commander 

US  Army  Aviation  Research  and 
and  Development  Command 
ATTN:  DRSAV-E 
12th  and  Spruce  Streets 
St.  Louis,  MO  63166 
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1 Director 

US  Army  Air  Mobility  Research 
and  Development  Laboratory 
Ames  Research  Center 
Moffett  Field,  CA  94035 

5 Commander 

US  Army  Electronics  Research 
and  Development  Command 
ATTN:  DELSD-L 

DELSD-CT-LG/Dr.  R.G. 

Rohde 

DELSD-CT-l/Dr . R.G. 

Buser  (2  cys) 
DELSD-WL-S/Mr.  J. 

Charlton 

Ft.  Monmouth,  NJ  07703 

1 Chief,  Office  of  Missile 

Electronic  Warfare 
US  Army  Electronic  Warfare 
Laboratory 
ATTN:  DRSEL-WLM-SE/Mr . K.  Larson 
White  Sands  Missile  Range,  NM 
88002 

4 Commander 

Atmospheric  Sciences  Laboratory 
ATTN:  DRSEL-BR-AS-P 

DRSEL- BR- MS- A/Dr . R. 

Gomez 

DRSEL- BL-AS-DP/Mr.  J. 
Lindberg 

DRSEL- BL-SY/Mr.  F. 

Horning 

White  Sands  Missile  Range, 

NM  88002 

2 Director 

Night  Vision  Laboratories 
ATTN:  DRSEL-NV-VI/Mr . R. 

Moulton 

DRSEL-NV-VI/Mr.  R. 
Bergemann 

Ft.  Belvoir,  VA  23651 


No.  of 

Copies  Organization 

1 Commander 

US  Army  Communications 
Research  § Development 
Command 

ATTN:  DRDCO-PPA-SA 
Ft.  Monmouth,  NJ  07703 

Commander 

US  Army  Missile  Research  and 
Development  Command 
Redstone  Scientific  Information 
Center 

ATTN:  Chief,  Documents 

DRDMI-CGA/Dr . B.  Fowler 
DRDMI-TE/Mr.  H.  Anderson 
DRDMI-KL/Dr . W.  Wharton 
DRDMI-R 

Redstone  Arsenal,  AL  35809 
Commander 

US  Army  Missile  Materiel 
Readiness  Command 
ATTN:  DRSMI-AOM 
Redstone  Arsenal,  AL  35809 

Commander 

US  Army  Tank  Automotive  Rsch 
and  Development  Command 
ATTN:  DRDTA-UL 
Warren,  MI  48090 

Commander 

US  Army  Armament  Materiel 
Readiness  Command 
ATTN:  DRSAR-LEP-L,  Tech  Lib 
Rock  Island,  IL  61202 

Commander 

US  Army  Armament  Rsch  and 
Development  Command 
ATTN:  DRDAR-TSS  (2  cys) 

DRDAR-SA 
Dover,  NJ  07801 

Commander 

Dugway  Proving  Ground 

ATTN:  Technical  Library 

Dugway,  UT  84022 
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1 Commander 

US  Army  Harry  -Diamond  Labs 
ATTN:  DRXDO-RDC/Mr . D.  Giglio 
2800  Powder  Mill  Road 
Adelphi,  MD  20783 

-4  Commander 

US  Army  Foreign  Science  § 
Technology  Center 
ATTN:  DRXST-ISI  (3  cys) 

DRXST-CE/Mr . V.  Rague 
220  Seventh  St.,  NE 
Charlottesville,  VA  22901 

1 Commander 

HQ,  USA  TRADOC 

ATTN:  ATCD-TEC/Dr . M.  Pastel 
Fort  Monroe,  VA  23651 

1 Director 

US  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  ATAA-SL,  Tech  Lib 
White  Sands  Missile  Range 
NM  88002 

1 Commander 

US  Army  Logistics  Center 
ATTN:  ATCL-MM 
Fort  Lee,  VA  23801 

1 Commandant 

US  Army  Infantry  School 
Combat  Support  $ Maintenance 
Department 
ATTN:  NBC  Division 
Fort  Benning,  GA  31905 

2 Commandant 

US  Army  Missile  S Munitions 
Center  and  School 
ATTN:  ATSK-CD-MD 

ATSK-DT-MU-EOD 
Redstone  Arsenal,  AL  35809 


No.  of 

Copies  Organization 

1 HQDA  (DAMO-SSC) 

Washington,  DC  20310 

1 HQDA  (DAMA-ARZ,  Dr.  Verderame) 
Washington,  DC  20310 

1 HQDA  (DAMA-CSM-CM) 

Washington,  DC  20310 

1 HQDA  (DAMI-FIT) 

Washington,  DC  20310 

1 Commander 

US  Army  Research  Office  - 
Durham 

P.  0.  Box  12211 

Research  Triangle  Park,  NC  27709 

1 US  Army  Waterways  Experiment 
Station-Mobility  and 

Environmental  System  Lab 
ATTN:  Dr.  L.  E.  Link 
Vicksburg,  MS  39180 

1 Commander 

Naval  Intelligence  Support  Center 
4301  Suitland  Road 
Washington,  DC  20390 

1 Commander 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 
ATTN:  DX-21 
Dahlgren,  VA  22448 

1 Commander 

Naval  Surface  Weapons  Center 
ATTN:  Tech  Lib  § Info  Svcs  Br 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 

1 Naval  Surface  Weapons  Center 
ATTN:  Mr.  Barry  Katz 
Silver  Spring,  MD  20907 
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3 Commander 

Naval  Weapons  Center 
ATTN:  Code  3311/Dr.  R.  Bird 
Code  382/Dr.  P. 

St . Amand 

Code  3822/Dr.  Hindman 
China  Lake,  CA  93555 

1 Commanding  Officer 

Naval  Weapons  Support  Center 
ATTN:  Code  5 041 /Mr.  D. 

Johnson 
Crane,  IN  47522 

4 Commander 

Naval  Research  Laboratory 
ATTN:  Code  5709/Mr.  W.  E. 
Howell 

Code  7550/Dr.  J.R. 
Davis 

Code  5501/Dr.  L.F. 

Drummeter,  Jr. 

Code  8320/Dr.  L.H. 
Ruhnke 

4555  Overlook  Avenue,  NW 
Washington,  DC  20375 

1 Naval  Postgraduate  School 
ATTN:  Technical  Reports 
Librarian 
Monterey,  CA  93940 

1 ADTC/D  LOSL  (Technical 
Library) 

Eglin  AFB,  FL  32542 

4 AFWL/Dr . J.  Janni,  Mr.  A1 

Sharp,  Dr.  C.  Needham, 
Technical  Library 
Kirtland  AFB,  NM  87117 


No . of 

Copies  Organization 

6 AFGL/OPR,  Mr.  H.  Gardiner, 

Dr.  A.T.  Stair,  Dr.  R. 
McClutchey,  Dr.  E.E.  Altshuler; 
OPA,  Dr.  R.  Fenn,  Research 
Library 

L.G.  Hanscom  Field 
Bedford,  MA  01730 

1 AFTAC/TFR,  CPT  J.  Lange 
Patrick  AFB,  FL  32925 

1 AFETAC/DNE,  CPT  L.  Mendenhall 
Scott  AFB,  IL  62225 

1 SAMSO/SZS,  MAJ  H.  Hayden 
Los  Angeles,  CA  90009 

1 AFIT/Library 

Wright  Patterson  AFB,  OH  45433 

1 FTD/AFSC,  PDRR 

Wright  Patterson  AFB,  OH  45433 

1 Lawrence  Livermore  Laboratory 
ATTN:  Technical  Library 
Livermore,  CA  94550 

1 Oak  Ridge  National  Laboratory 
ATTN:  Technical  Library 
Oak  Ridge,  TN  37830 

3 Los  Alamos  Scientific  Laboratory 
ATTN:  J- 10/Dr.  H.  Horak 

J- 10/Dr.  Guy  Barasch 
Technical  Library 
Los  Alamos,  NM  87544 

3 Sandia  Laboratories 

ATTN:  Dean  Thornbrough 

Bob  Bradley 
Reports  Collection 
Albuquerque,  NM  87115 
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1 Director 

National  Aeronautics  and 
Space  Administration 
Ames  Research  Center 
ATTN : G . C . Augason 

Moffett  Field*  CA  94035 

3 Director 

National  Aeronautics  and 
Space  Administration 
Goddard  Space  Flight  Center 
ATTN:  Dr.  Louis  J . Ippolito 
Erwin  Hirschmann 
Nelson  McAvoy 
Greenbelt  Road 
Greenbelt * MD  20771 

1 National  Oceanic  and 

Atmospheric  Administration 
National  Environmental 
Satellite  Service 
ATTN:  Norman  C.  Grody 
Washington,  DC  20233 

4 Aerospace  Corporation 
ATTN:  Dr.  R.  D.  Rawcliffe 

Dr.  K.  Spearman 
Dr.  T.  Hartwick 
Library  Services 
P.  0.  Box  92957 
Los  Angeles*  CA  90009 

1 The  Boeing  Company 
P.  0.  Box  3999 
M/S  8C-23/Dr.  George  Hess 
Seattle,  WA  98124 

1 COMSAT  Laboratories 
ATTN:  D.  J.  Fang 
Clarkesburg,  MD  20734 

1 General  Electric  Company 
ATTN:  DNA  Information  and 
Analysis  Center 
816  State  Street 
Santa  Barbara*  CA  93102 


No.  of 

Copies  Organization 

1 Hughes  Aircraft  Corporation 
ATTN:  Dr.  David  Capps 

Roscoe  Boulevard 
Canoga  Park,  CA  91304 

1 Kaman  Sciences  Corporation 
Kaman  Nuclear  Division 
ATTN:  Tech  Library 
Colorado  Springs,  CO  80901 

1 Lockheed  Missiles  and  Space 
Company 

ATTN:  Technical  Library 
Palo  Alto*  CA  94304 

1 The  MITRE  Corporation 
ATTN:  Technical  Library 
Bedford*  MA  01730 

2 The  RAND  Corporation 
ATTN:  D.  Diermendjian 

Technical  Library 
1700  Main  Street 
Santa  Monica*  CA  90406 

20  Radiation  Research  Association 
ATTN:  M.  B.  Wells 
3550  Hulen  Street 
Fort  Worth*  TX  76107 

1 R&D  Associates 

ATTN:  Technical  Library 

P.  0.  Box  9695 

Marina  del  Rey,  CA  90291 

1 Teledyne  Brown  Engineering 
ATTN:  F.  0.  Leopard 
Cummings  Research  Park 
Huntsville,  AL  35807 

1 Visidyne,  Incorporated 
ATTN:  Dr.  J.  Carpenter 
19  Third  Avenue 
Burlington,  MA  01803 
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1 Environmental  Research 
Institute  of  Michigan 
ATTN:  A.  J.  LaRocca 
P.  0.  Box  8618 
Ann  Arbor,  MI  48107 

1 Georgia  Institute  of  Tech 
Dept  of  Electrical  Eng. 

ATTN:  M-.  D.  Blue 
Atlanta,  GA  30332 

1 Massachusetts  Institute 
of  Technology 
Francis  Bitter  National 
Magnet  Laboratory 
ATTN:  K.  J.  Button 

170  Albany  Street 
Cambridge,  MA  02139 

1 Massachusetts  Institute  of 
Technology 
Lincoln  Laboratories 
ATTN:  R.  K.  Crane 

Lexington,  MA  02173 

1 Ohio  State  University 

Dept  of  Electrical  Engineering 
ATTN:  D.  B.  Hodge 
Columbus,  OH  43212 

1 Riverside  Research  Institute 
ATTN:  M.  Greenbaum 
80  West  End  Avenue 
New  York,  NY  10023 

1 Smithsonian  Astrophysical  and 
Harvard  Observatories  Center 
for  Astro  Physics 
ATTN:  Wesley  A.  Traub 
Cambridge,  MA  02138 

1 Stanford  Research  Institute 
ATTN:  Technical  Library 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 


1 Texas  A$M  University 
Department  of  Physics 
ATTN:  G.  N.  Plass 

College  Station,  TX  77843 

1 University  of  Arizona 

Optical  Science  Department 
ATTN:  F.  J.  Low 
Tucson,  AZ  85721 

1 University  of  Texas 

Electrical  Engineering  Rsch  Lab 
ATTN:  A.  W.  Straiton 
Austin,  TX  78757 

1 Virginia  Polytechnic  Institute 
Dept  of  Electrical  Engineering 
ATTN:  C.  W.  Bostian 

Blacksburg,  VA  24060 

Aberdeen  Proving  Ground 

Cdr , US ATE COM 

ATTN:  DRSTE-SG-H 

DRSTE-FA 
Cdr,  USAOCSS 

ATTN:  ATSL-CD-MS 

ATSL-CD-MS  (Dr.  T.  Welsh) 
Dir,  USAMSAA 

ATTN:  DRXSY,  Dr.  J.  Sperrazza 

DRXSY-D , Dr.  Fallin 
PM,  SMOKE/Obscurants 
ATTN:  DRCPM-SMK 

Cdr,  USA  CSL,  EA 
ATTN:  DRDAR-CLG 

DRDAR-CLR-L  (4  cys) 

DRDAR-CLL 

DRDAR-CLC 

DRDAR-CLJ-I  (4  cys) 

DRDAR-CLN 

DRDAR-CLN-S 

DRDAR-CLW-P 

DRDAR-CLB 

DRDAR-CLB-B 

DRDAR-CLB-P 

DRDAR-CLB-T 

DRDAR-CLB-PS  (Mr.  Vervier) 
DRDAR-CLB-PS  (Dr.  Steubing) 
DRDAR-CLY-A 
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